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Preface 


The urinary bladder is subject to a unique and 
extraordinarily diverse array of congenital, inflamma- 
tory, metaplastic, and neoplastic abnormalities. The 
objective of Bladder Pathology is to provide contem- 
porary, comprehensive, and evidence-based practice 
information for pathologists, urologists, and medical 
oncologists. A full spectrum of pathologic conditions 
that afflict the bladder and urothelium are described 
and illustrated. The book is aimed especially at 
the practicing pathologist, with an emphasis on 
diagnostic criteria and differential diagnoses. It is our 
hope that this very comprehensive book, consisting 
of 34 chapters, 754 pages, 112 tables, and 1741 
full color photographs, will aid in the pathologist’s 
recognition, understanding, and accurate interpre- 
tation of the light microscopic findings in bladder 
specimens. 

This is an age of enlightenment in surgical pathol- 
ogy. The emergence of personalized medicine with 
new understandings of cancer genetics has created a 
paradigm shift in our practice. Greater weight con- 
tinues to be placed on an evidence-based approach 
to diagnosis and patient management. This includes 
an emphasis on the scientific validation of our diag- 
nostic methods and their meaningful application in 
practice. This is especially true in the management 
of patients with medical conditions involving the uri- 
nary bladder. Cancer of the bladder represents the 
fifth most common cancer in the human body, with 
more than 60,000 new carcinoma diagnoses annually 
in the United States. Many patients with bladder can- 
cer have a prolonged survival, necessitating long-term 
followup, including the procurement of numerous sub- 
sequent cystoscopic biopsies and urine samples for 
histologic and cytopathologic evaluation. This, in turn, 
has generated a considerable diagnostic burden for the 
pathologist and cost to the health care system. It is our 
hope that continuing advances in the urinary bladder 


field can lessen the impact of these burdens on both 
practitioners and patients. 

In the text we strive to provide a comprehensive 
resource for practicing surgical pathologists and their 
clinical colleagues so that they may better meet the 
daily demands and challenges of this ever-evolving 
field. We hope that this volume has captured our sense 
of excitement as we strive to stay on the cutting edge 
of these advances in medical practice. We have incor- 
porated recent advances in molecular genetics of the 
urinary bladder with discussion of their current or 
potential impact on patient care. It is our intent to 
provide a framework by which diagnostic criteria can 
be compared, evaluated, and integrated with molecular 
and other ancillary test data. 

We are indebted to many people who have been 
involved in the preparation of this book. We are grate- 
ful to our mentors, colleagues, and trainees who have 
challenged and inspired us. They include Drs. George 
M. Farrow, John N. Eble, David G. Grignon, Thomas 
M. Ulbright, Michael O. Koch, Gregory T. MacLen- 
nan, John F. Gaeta, Rodolfo Montironi, and many 
others. Our special thanks go to Ryan P. Christy from 
the Multimedia Education Division of the Department 
of Pathology at Indiana University, who edited the 
illustrations, and to Tracey Bender for her assidu- 
ous assistance in the editorial process. We also thank 
the staff at Wiley-Blackwell, including Thomas H. 
Moore, Ian Collins, Angioline Loredo, and Sheeba 
Karthikeyan for their invaluable support throughout 
the project. Finally, we earnestly solicit feedback and 
constructive criticism from readers so that the book 
may be improved in future editions. 


LIANG CHENG 
ANTONIO LOPEZ-BELTRAN 
Davin G. BOSTWICK 
March 2012 
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Normal Anatomy and Histology 


Embryology 


Early in fetal life, when cloacal dilation first appears and 
the hindgut ends in a blind sac, an ectodermal depression 
develops under the root of the tail.! This depression, known 
as the proctoderm, deepens until only a thin layer of tis- 
sue, the cloacal membrane, remains between the gut and 
the outside of the body. The division of the cloaca results 
from development of the urorectal fold that closes caudally 
toward the cloacal membrane. As the urorectal fold cuts 
progressively deeper into the cloaca, a wedge-shaped mass 
of mesenchyme accompanies it and forms a dense septum 
between the urogenital sinus anteriorly and the rectum pos- 
teriorly. This separation of the cloaca is completed before 
the cloacal membrane ruptures, so that its two parts open 
independently. When it first opens to the outside, the uro- 
genital sinus, which is the ventral division of the cloaca, is 
tubular and continuous with the allantois. At this stage, it 
can be divided into a ventral or pelvic portion, which will 
become the bladder proper, and a urethral portion, which 
receives the mesonephric and fused miillerian ducts and 
later becomes the prostatic and membranous urethra in the 
male and the entire urethra in the female.” 

After 8 weeks, the ventral part of the urogenital sinus 
expands to form an epithelial sac, the apex of which tapers 
into an elongated narrowed urachus. The splanchnic meso- 
derm surrounding both segments differentiates as interlac- 
ing bands of smooth muscle fibers and an outer fibrocon- 
nective tissue coat. By 12 weeks, the layers of the adult 
urethra and bladder can be recognized. This sequence of 
events indicates that the detrusor muscle and the urethral 
musculature have the same origin, constituting one unin- 
terrupted structure.” This arrangement is easily observed in 
the female, in that the bladder and urethra form one tubu- 
lar unit with expansion of the upper part. However, in the 
male, the structure is complicated by simultaneous devel- 
opment of the prostate gland. The developmental sequence 
is the same in both genders, and the structural arrangement 
in the male is only slightly more complex than that in the 
female.” 


Anatomy 


Gross Anatomy 


The bladder is a hollow muscular organ whose main func- 
tion is that of a reservoir. When empty, the adult bladder lies 
behind the symphysis pubis and is largely a pelvic organ. 
In infants and children, it is more cephalad than in adults. 
When full, the bladder rises above the symphysis and can 
readily be palpated or percussed. When overdistended, as 


in acute and chronic urinary retention, it may cause the 
lower abdomen to bulge visibly and is easily palpable in the 
suprapubic region. The empty bladder has an apex (supe- 
rior surface), two infralateral or anterolateral surfaces, a 
base (posterior surface), and a neck. The apex extends a 
short distance above the pubic bone and ends as a fibrous 
cord derivative of the urachus. This fibrous cord extends 
from the apex of the bladder to the umbilicus between the 
peritoneum and the transversalis fascia. It raises a ridge of 
peritoneum called the median umbilical ligament. There is 
a peritoneal covering at the apex in both sexes that also 
covers a small part of the base in men.” 

The apex of the bladder is apposed to the uterus and 
ileum in the female and to the ileum and pelvic portion of 
the colon in the male. The base of the bladder faces pos- 
teriorly and is separated from the rectum by the uterus and 
vagina in the female, and by the vasa deferentia, seminal 
vesicles, and ureters in the male. The anterolateral sur- 
face on each side of the bladder is apposed to the pubic 
bone, levator ani, and obturator internus muscles, but the 
central anterior bladder is separated from the pubic bone 
by the retropubic space, which contains abundant fat and 
venous plexuses. The neck of the bladder, its most inferior 
part, connects with the urethra. When the bladder is dis- 
tended with urine, the neck remains fixed and stationary, 
whereas the dome rises above the pelvic cavity into the 
lower abdomen, touching the posterior aspect of the lower 
anterior abdominal wall and the small and large bowels.* 

Beneath the urothelial lining of the inner bladder, there is 
loose connective tissue that permits considerable stretching 
of the mucosa. As a result, the urothelial mucosal lining 
is wrinkled when the bladder is empty but smooth and 
flat when distended. This arrangement exists throughout the 
bladder except at the trigone, where the mucous membrane 
adheres firmly to the underlying muscle; consequently, the 
trigone is always smooth, regardless of the level of disten- 
sion (Figs. 1-1 and 1-2). 


Blood Supply and Lymphatic Drainage 


The bladder is supplied by the superior, middle, and inferior 
vesical arteries, all of which are branches of the anterior 
division of the hypogastric artery. Between the bladder wall 
proper and the outer adventitial layer, there is a rich plexus 
of veins that ultimately terminate in the hypogastric veins 
after converging in several main trunks. 

The bladder lymphatics drain into the external iliac, 
hypogastric, and common iliac lymph nodes. There are 
rich lymphatic anastomoses between the pelvic and genital 


organs.*+~° 


Nerve Supply 


The bladder is richly innervated by divisions of the 
autonomic nervous system.’ Sympathetic nerves originate 


Figure 1-1 Normal trigone (A and B). 


from the lower thoracic and upper lumbar segments, mainly 
T11-T12 and L1-L2. These sympathetic fibers descend 
into the sympathetic trunk and the lumbar splanchnic 
nerves, connecting with the superior hypogastric plexus, an 
inferior extension of the aortic plexus. The latter separates 
into the right and left hypogastric nerves, and these 
extend inferiorly to join the pelvic plexus of the pelvic 
parasympathetic nerves. Parasympathetic nerves arise from 
sacral segments S2—S4, and these form the rich pelvic 
parasympathetic plexus. This plexus joins the sympathetic 
hypogastric plexus, and vesical branches emerge from this 
plexus toward the bladder base, innervating the bladder 
and urethra.” 


Normal Histology 


Urothelium 


The urothelium is a unique stratified epithelium of vari- 
able thickness (Figs. 1-3 to 1-6). The number of cell layers 


Normal Anatomy and Histology 


Figure 1-2 Normal trigone in a woman during the 
reproductive years. Note the squamous mucosa and closely 
packed underlying muscle (A and B). 


Figure 1-3 Normal urothelium. The thickness of urothelium 
is variable, up to seven cell layers in normal urothelium. Note 


the prominent superficial umbrella cells. 


Normal Anatomy and Histology 


vacuolization is observed. In this preparation, the urothelium 
is up to seven cells in thickness (B). 


depends on the degree of distension of the bladder, usually 
varying from three to seven layers. When distended, the 
bladder is three to six cell layers thick, although the typical 
biopsy contains about five layers; in the contracted state, 
it consists of six to eight layers.° For practical purposes, 
urothelium composed of more than seven cell layers is con- 
sidered abnormal unless this finding can be attributed to 
tangential cutting of tissue.!°!! In addition, the urothelium 
is thought to be monoclonal in origin, with some features 
of mosaicism. !? 

The normal urothelium contains a layer of large superfi- 
cial cells that are frequently multinucleated, often referred 
to as umbrella cell thickness (Figs. 1-7 to 1-9). These cells 
have abundant eosinophilic cytoplasm, with large nuclei 
whose long axes are perpendicular to those of the smaller 
cells of the underlying basal and intermediate cell lay- 
ers. The superficial cells vary in size and configuration 
according to the degree of bladder distension and angle 


Figure 1-5 Normal urothelium. Note the orderly 
arrangement of the urothelial cells. The long axis of urothelial 
cells is often perpendicular to the mucosal surface. The 
superficial cells are less distinct. Prominent nuclear grooves 
are noted in some cells. 


Figure 1-6 Normal urothelium. Note the variable thickness 
of urothelium in this preparation. The superficial cells have 
prominent cytoplasmic vacuolization. 


Figure 1-7 Normal urothelium. Note the prominent 
superficial cells. Nuclear vacuolization is occasionally seen in 
intermediate cells. Some variation of cell size and shape can 
be observed in normal urothelium and should not be 
interpreted as dysplasia. 


Normal Anatomy and Histology 


Figure 1-8 Normal urothelium. Note the prominent 
superficial cells. 


Figure 1-9 Normal urothelium. Basal and intermediate cells 
are located between the basal lamina and the superficial cells. 
Occasional prominent nuclear grooves may be seen. Note the 
binucleated superficial umbrella cells. 


of tissue section; they may appear cuboidal in the dis- 
tended bladder, but are often flattened. In addition, superfi- 
cial cells are loosely attached to the underlying cells despite 
being interconnected with each other by extensive junc- 
tional complexes!* and may be absent from otherwise nor- 
mal urothelium in routine biopsies. Superficial umbrella 
cells express uroplakins and cytokeratin 20 with immuno- 
histochemistry. The apical plasmalemma is thickened, with 
stiff plaques, unlike the short microvilli seen in the under- 
lying intermediate cells.!* However, the trigonal superficial 
cells of women during the reproductive years have a cob- 
blestone pattern with long clubbed microvilli.'+ Superficial 
cells may persist on the surface of papillary urothelial car- 
cinoma, particularly low grade carcinomas—a finding of 


potential importance in pathologic grading of bladder can- 
cer (see also Chapter 9). 

Basal and intermediate cells are located between the 
basal lamina and the superficial cells (Figs. 1-8 to 1-10). 
These cells are morphologically identical to each other, and 
are distinguished only by their position in the mucosa.!+ 
They are regularly arranged, with distinct cell boundaries 
and oval, round, or fusiform nuclei with occasional promi- 
nent nuclear grooves. The nuclei are located centrally in 
the cells and contain finely granular chromatin that often 
accentuates the nuclear borders. Nucleoli are usually small 
and difficult to detect. Mitotic figures are rare in the nor- 
mal urothelium. The basal layer of epithelial cells expresses 
Bcl-2, while the intermediate cells express RB1 and PTEN 
at varying intensities. HER2 and p53 are not expressed 
by normal urothelial cells. Ki67, indicating proliferation, 
may not be expressed in a single field. The long axis of 
the basal and intermediate cells is perpendicular to the 
basement membrane. The basement membrane is usually 
not visible in routine hematoxylin and eosin or periodic 
acid—Schiff stained sections, but appears as a razor-thin 
layer beneath the mucosa when present. Basement mem- 
brane markers such as laminin and type IV collagen may 
be useful diagnostically in select cases to define the base- 
ment membrane, but are not employed routinely.'> Delicate 
capillaries of the muscularis mucosae are in intimate asso- 
ciation with the basement membrane, and invaginations or 
tangential cutting may create the factitious appearance of 
intraepithelial extension. 

The urothelium is able to respond to thermal, mechan- 
ical, and chemical stimuli (“sensor functions’) and has 
the ability to release chemicals (“transducer functions”).!® 
Urothelial basal cells express certain receptors and ion 
channels (e.g., vanilloid receptor-1), similar to afferent 


Figure 1-10 Normal urothelium. Basal and intermediate 
cells are more densely packed with a higher nuclear 
cytoplasmic ratio than that of superficial cells. 


Normal Anatomy and Histology 


nerves.!© The presence of afferent nerves adjacent to the 
urothelium suggests that these cells may be targets for 
transmitter release from bladder nerves or that chemicals 
released by urothelial cells may alter afferent excitability. 


Bladder Wall 


The lamina propria, located beneath the basement mem- 
brane, consists of a compact layer of fibrovascular connec- 
tive tissue (Figs. 1-11 to 1-13). It may contain an incom- 
plete muscularis mucosae composed of thin delicate smooth 
muscle fibers that may be mistaken for muscularis pro- 
pria in biopsy specimens (Figs. 1-14 to 1-16).!7~73 The 
muscularis mucosae is an important diagnostic pitfall in 
evaluating bladder carcinoma because the management of 
cancer invading the muscularis propria is different from that 
of tumors limited to the lamina propria and surrounding the 


Figure 1-11 Normal lamina propria. 


Figure 1-12 Normal lamina propria. 


Figure 1-13 Normal lamina propria. 


Figure 1-14 Muscularis mucosae in the lamina propria (A 
and B). The muscularis mucosae consists of scant delicate 
muscle bands interspersed with blood vessels and connective 
tissue stroma. 


Normal Anatomy and Histology 


Figure 1-16 Muscularis mucosae. 


muscularis mucosae. Therefore, it is important for patholo- 
gists to be aware of the existence of delicate muscle bundles 
within the lamina propria.*!*4 In biopsy specimens, these 
smooth muscle fibers may appear as a continuous layer, a 
discontinuous or interrupted layer, or as scattered thin bun- 
dles of smooth muscle fibers that do not form an obvious 
layer (Fig. 1-17). These thin muscle fibers lie paral- 
lel to the mucosal surface, midway between the urothelium 
and the underlying muscularis propria. 

Moderate-sized or large thick-walled blood vessels are a 
constant feature of the lamina propria, running parallel to 
the surface urothelium, in close association with the smooth 
muscle fibers of the muscularis mucosae (Fig. 1-18). How- 
ever, these vessels are variable in distribution and may be 
close to the superficial lamina propria (Figs. 1-19 and 1-20). 
Therefore, large vessels cannot be used as a substitute for 
muscularis mucosae, as in some studies. It may be dif- 
ficult to distinguish muscularis mucosae from muscularis 


Figure 1-17 Muscularis mucosae in a biopsy specimen. 


Figure 1-18 Musularis mucosae in close proximity to large 
vessels (A and B). 
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Figure 1-19 Large vessels may be seen in the superficial 
lamina propria and may or may not be associated with the 
muscularis mucosae. Therefore, large vessels cannot be used 
as a substitute for the muscularis mucosae. 


Figure 1-20 Variable distribution of large vessels and 
variably sized muscularis mucosae bundles. 


propria (detrusor muscle). Trichome staining may be use- 
ful to resolve difficult cases.2° Recent studies suggest that 
smoothelin can be a marker of interest in differentiating 
muscularis mucosae (negative or weak) from muscularis 
propria (positive and intense) (Fig. 1-21).?”~7° 

To avoid overstaging bladder cancer, it is also important 
for the pathologist to be aware of the existence of fat within 
the lamina propria and the muscularis propria (Figs. 1-22 
and 1-23).3? Occasional bizarre stroma cells may be seen in 
the lamina propria and can be mistaken for invasive cancer 
cells. In difficult cases, immunostaining for cytokeratins is 
helpful. These bizarre stroma cells are negative for cyto- 
keratin staining (Figs. 1-24 and 1-25). 


Am wy Ta 


E A TR AR 
Figure 1-21 The muscularis mucosae is negative or shows 
weaker staining than the muscularis propria (A to ©). 
Smoothelin usually stains strongly in the muscularis propria 
(detrusor muscle) (C). 
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Figure 1-22 Adipose tissue can be seen in the lamina 
propria. 
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Figure 1-24 Bizarre stromal cells in the lamina propria 
(A and B). 


Figure 1-23 Adipose tissue is present in both the lamina 
propria and the muscularis propria (A and B). The presence of 
fat invasion in transurethral resection specimens does not 


indicate extravesical extension. Figure 1-25 Bizarre stromal cells in the lamina propria. 
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Figure 1-26 Muscularis propria (detrusor muscle). Note the 

contrast between the detrusor muscle and the muscularis 


mucosae in the lamina propria. 


The muscle proper (detrusor muscle) of the bladder, the 
muscularis propria, is moderately thick and consists of an 
inner longitudinal layer, middle circular layer, and outer 
longitudinal layer (Fig. 1-26). It spirals around each ureteral 
orifice and increases in thickness around the internal ure- 
thral orifice, forming the internal sphincter of the bladder. 
The muscularis is surrounded by a coat of fibroelastic con- 
nective tissue, the adventitia, and perivesical fat. 


Paraganglionic Tissue 


Paraganglia are rarely found in routine sections of the uri- 
nary bladder.*! Their presence in a bladder biopsy may 
be confused with neoplasm. Distinguishing features that 
are useful include the distinctive arrangement of cell nests, 
sinusoidal vascular pattern, monotonous benign cytology of 
the cells, and the absence of a stromal reaction.** Paragan- 
glionic tissue typically demonstrates immunoreactivity with 
neuroendocrine markers such as chromogranin, synapto- 
physin, and neuron-specific enolase. The sustentacular cells 
exhibit immunostaining for $100 protein. 
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The Urachus 


The urachus is an intraabdominal embryonic remnant. It 
contains the allantois, connecting the apex of the urinary 
bladder to the body wall at the umbilicus. The allantois 
originates in the portion of the yolk sac that gives rise to 
the cloacal portion of the hindgut. As the embryo grows, 
the urachus elongates to maintain its connection with the 
bladder dome and the body wall. At birth, the dome of 
the bladder and the umbilicus are closely opposed, and 
the urachus is only 2.5 to 3 mm long, with a diameter 
of 1 mm throughout most of its course and 3 mm where 
it joins the bladder.** The urachus lies in a space anterior 
to the peritoneum, bounded anteriorly and posteriorly by 
the umbilicovesical fascia.** Laterally, it is bounded by the 
two umbilical arteries, which, in turn, are surrounded by 
umbilicovesical fascia. Inferiorly, the umbilicovesical fas- 
cial layers cover the surface of the dome of the bladder. 
This space, the space of Retzius, is roughly pyramidal, and 
fascial planes separate it from the peritoneum and other 
structures. At the junction with the urinary bladder, the adult 
urachus is 4 to 8 mm wide, narrowing to about 2 mm at its 
superior end. 

The urachus has three segments: supravesical, intra- 
mural, and intramucosal.*? Tubular urachal remnants are 
found within the wall of the urinary bladder in approx- 
imately one-third of adults and are evenly distributed 
between men and women. There are three architectural 
patterns of intramural urachal canals, varying from simple 
tubular canals to complex branching canals (Fig. 1-27).°*° 
The mucosal portion of the urachus may have a wide 
diverticular opening, papilla, or a small opening flush with 
the mucosal surface. The majority (70%) of intramural 
urachal remnants are lined by urothelium; the remainder 
are lined by columnar epithelium, occasionally with 
small papillae or, rarely, mucous goblet cells or mucus- 
secreting columnar epithelium in women (Figs. 1-28 
and 1-29).35-37 


The Renal Pelvis and Ureters 


The ureter and renal pelvis develop from the ampullary bud, 
which arises from the distal mesonephric duct during the 
fourth week of development. As the ureter elongates, there 
is a period of luminal obliteration followed by recanaliza- 
tion in the fifth week. Recanalization begins in the middle 
of the ureter and extends proximally and distally with the 
ureteropelvic and ureterovesical junctions; these are the last 
segments to recanalize. The mesonephric duct distal to the 
ampullary bud (the common nephric duct) is incorporated 
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Figure 1-27 Patterns of intramural urachal canals: (A) type I, tubular canal without complexity; (B) type Il; tubular canal with 
marked segmental dilatation and variable curvature; (C) type III, tubular canal with marked tortuosity and distortion, including 


segmental dilatation. 


Figure 1-28 Normal urachus lined by stratified urothelium. 


into the developing urogenital sinus, while the ureteral ori- 
fice migrates to the trigone and contributes to the prostatic 
urethra in the male. 

Concomitant development of the male and female 
reproductive tract forms the mesonephric (wolffian) and 


miillerian ducts, respectively; division of the cloaca into 
bladder and hindgut occurs as the ureter and kidney 
develop. As a consequence, multiple malformations in 
these areas often occur together. 

The lumen of the renal pelvis and ureter is lined 
by urothelium, which rests on a basement membrane 
(Fig. 1-30). The urothelium is composed of three to five 
layers of cells in the pelvis and four to seven layers of 
cells in the ureter. The pelvis and ureter have a continuous 
muscular wall that originates in the fornices of the minor 
calyces as small interlacing fascicles of the smooth muscle 
cells. The muscularis propria is not divided into distinct 
layers. Near the bladder, the ureter acquires an external 
sheath from the detrusor muscle, and the muscle fascicles 
become oriented longitudinally. The longitudinal fibers 
continue through the wall of the bladder and into the 
submucosa, where they surround the ureteral orifice and 
contribute to the trigone muscle. 


The Urethra 


The epithelium of the urethra is derived from the urogen- 
ital sinus, which is formed when the endodermal cloaca 
divides into the rectum dorsally and the urogenital sinus 
ventrally, separated by the urorectal septum. In women, 
the epithelium of the urethra is derived from endoderm of 
the urogenital sinus, while the surrounding connective tis- 
sue and smooth muscle arise from splanchnic mesenchyme. 
In men, the epithelium is also derived from the urogenital 
sinus except in the fossa navicularis, where it is derived 
from ectodermal cells migrating from the glans penis. As 
in women, the connective tissue and smooth muscle sur- 
rounding the male urethra is derived from splanchnic mes- 
enchyme. 

The male urethra is 15 to 20 cm long and is divided 
in three anatomical segments (Figs. 1-31 and 1-32). The 


Normal Anatomy and Histology 


Figure 1-29 Urachal remnants (A to D). 


A 


Figure 1-30 Normal ureter (A and B). 


Figure 1-31 Normal urethra in a male patient (A and B). 


prostatic urethra begins at the internal urethral orifice at 
the bladder neck and extends through the prostate to the 
prostatic apex. In the central part of the urethral crest is 
an eminence called the verumontanum. The verumontanum 
contains a slit-like opening that leads to an epithelium-lined 
sac called the prostatic utricle, a miillerian vestige. The ejac- 
ulatory ducts empty into the urethra on either side of the 
prostatic utricle. The membranous urethra extends from the 
prostatic apex to the bulb of the penis. Cowper glands are 
located on the left and right sides of the membranous ure- 
thra and their ducts empty into it. The penile urethra extends 
from the lower surface of the urogenital diaphragm to the 
urethral meatus in the glans penis. Bulbourethral glands 
are located in the proximal (bulbous) portion of the penile 
urethra. In addition, scattered mucus-secreting periurethral 
glands (Littre glands) are present at the periphery of the 
penile urethra except anteriorly (Fig. 1-33). The majority 
of unmyelinated nerve fibers penetrate the smooth muscle 
layers at 5 o’clock and 7 o’clock, whereas the majority of 
myelinated nerve fibers penetrate the striated muscles of the 
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Figure 1-32 Normal urethra and periurethral glands 
(A and B). 


Figure 1-33 Littre glands are lined by mucus-secreting 
columnar cells. 
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Figure 1-34 Transition from urothelium to squamous 
epithelium in the urethra. 


prostatic capsule and of the urethral sphincter at 9 o’clock 
and 3 o’clock. 

The type of epithelium lining the urethra varies along 
its length (Fig. 1-34). In general, urothelium lines the pro- 
static urethra, pseudostratified columnar epithelium lines 
the membranous segment and most of the penile urethra, 
and nonkeratinized stratified squamous epithelium lines the 
fossa navicularis and external urethral orifice. In females, 
the proximal one-third of the urethra is lined by urothe- 
lium and the distal two-thirds by nonkeratinized stratified 
squamous epithelium. The proximal one-third consists of a 
circular smooth muscle sphincter, the middle one-third of 
two circular layers of smooth and striated muscle fibers, 
and the distal one-third of a circular layer of smooth mus- 
cle fibers surrounded by an omega-shaped layer of striated 
muscle fibers. In the proximal one-third of the urethral 
sphincter, myelinated fibers run with unmyelinated fibers 
from the pelvic plexus. These fibers are closely related to 
the lateral and anterior aspects of the vagina. Unmyelinated 
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Table 2-1 Inflammatory Conditions 


Acute and chronic cystitis 
Follicular cystitis 
Interstitial cystitis 
Eosinophilic cystitis 
Encrusted cystitis 
Emphysematous cystitis 
Gangrenous cystitis 
Hemorrhagic cystitis 
Viral cystitis 
Cystitis with atypical giant stromal cells 
Denuding cystitis 


Granulomatous cystitis 
Postsurgical 
Suture granuloma 
BCG-induced 
Schistosomiasis 
Malakoplakia 
Tuberculosis 
Xanthoma 
Other 


Other infection cystitides 
Fungal 
Actinomycosis 
Miscellaneous cystitides 


A wide variety of nonneoplastic inflammatory condi- 
tions may involve the bladder primarily or secondarily 
(Table 2-1).! 


Acute and Chronic Cystitis and Their 
Variants 


Acute and Chronic Cystitis 


Most cases of acute and chronic cystitis result from 
infection with gram-negative coliform bacteria such as 
Escherichia coli (E. Coli)? The most common portal of 
entry is the urethra. Predisposing factors include structural 
abnormalities of the urinary bladder, diverticula, calculi, 
any process or lesion that causes outflow obstruction, 
and systemic illnesses such as diabetes. Infectious causes 
of cystitis include bacterial, viral, fungal, and protozoal 
agents. Irritative agents that cause cystitis include trauma 
from instrumentation and catheterization, radiation therapy, 
chemotherapy, bladder calculi, and chemical irritants such 
as formalin, turpentine, and ether (chemical cystitis).4> 
Some cases of cystitis are of unknown etiology. Other 
forms of cystitis include interstitial, eosinophilic, and 
follicular cystitis. 

In early acute bacterial cystitis, there is vascular 
dilatation and congestion, erythematous and hemorrhagic 


mucosa, and moderate to severe edema. With time, 
polypoid or bullous cystitis may develop, sometimes 
with ulceration. The urothelium may be hyperplastic or 
metaplastic, and, when ulcerated, is often covered by a 
fibrinous membrane with neutrophils and bacterial colonies 
(Figs. 2-1 and 2-2). Stromal edema and chronic inflam- 
mation gradually become more pronounced, particularly 
in the lamina propria (Fig. 2-3). If the acute inflammation 
persists, chronic cystitis usually develops, sometimes with 
prominent mural fibrosis. 

In chronic cystitis, the mucosa may be thin, hyperplastic, 
or ulcerated, often with changes of reactive atypia (Figs. 2-4 
to 2-6). Granulation tissue is typically conspicuous in the 
early stages, and may be replaced by dense scarring, partic- 
ularly in the late healing stages. Edema may also be present 
(Fig. 2-7). This process may be transmural and involve 


s 


Figure 2-1 Acute cystitis. Numerous neutrophils are seen in 
the urothelium. 


Figure 2-2 Acute cystitis. Reactive changes are commonly 
seen in the setting of acute cystitis and should not be mistaken 
for dysplasia or carcinoma in situ. 


Figure 2-4 Chronic nonspecific cystitis. The mucosa is intact 
but thinned, and the lamina propria contains a mixed chronic 
inflammatory infiltrate. 


perivesicular tissue. Squamous metaplasia may develop at 
a later stage (Fig. 2-8). 


Papillary—Polypoid Cystitis (Papillary Cystitis; Bullous 
Cystitis) 


Polypoid cystitis may be clinically and microscopically 
mistaken for papillary urothelial carcinoma.’~? Polypoid 
cystitis refers to lesions with edematous and broad-based 
papillae (Figs. 2-9 to 2-12); the designation papillary 
cystitis is used when thin finger-like papillae are present 
(Figs. 2-13 and 2-14). In both, there is typically abundant 
chronic inflammation in the stroma, accompanied by 
prominent and often ectatic blood vessels. Sometimes the 
inflammation is not prominent, and the appearance varies 
from papillary or polypoid cystitis to bullous cystitis, 
depending on the amount of stromal edema. In bullous 
cystitis, the lesion is wider than lesions of polypoid or 
papillary cystitis.'° On cystoscopy, the lesion frequently 
suggests papillary urothelial carcinoma. 
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Figure 2-7 Chronic cystitis with mucosal edema. The 
overlying urothelium is metaplastic. 
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Figure 2-8 Chronic cystitis. Note the transition of normal 
urothelium to squamous epithelium (squamous metaplasia). 


Figure 2-9 Polypoid cystitis with a broad frond of mucosa 
with prominent blood vessels and benign urothelial lining. 


Figure 2-10 Polypoid cystitis with focal bullous formation. 
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Figure 2-11 


Polypoid cystitis. 


Figure 2-12 Polypoid cystitis. Broad polypoid growth that 
imparts a cobblestone appearance cystoscopically. 


Exophytic growth of polypoid and papillary cysti- 
tis can be confused with carcinoma.”!? Occasionally, 
papillary—polypoid cystitis may be associated with reac- 
tive and metaplastic changes in the overlying or adjacent 
urothelium, with squamous metaplasia being the most 
common. The urothelium may be hyperplastic, but it lacks 
cytologic atypia. Less commonly, florid polypoid cystitis 
may suggest inverted papilloma.!° Two clinical settings 
suggest that an exophytic bladder lesion is reactive or 
inflammatory—patients with an indwelling catheter! !!? 
and those with vesical fistula.!° Polypoid and bullous 
lesions are usually less than 0.5 cm in diameter, but larger, 
macroscopically visible lesions may involve the dome or 
posterior wall. The entire bladder is sometimes involved 
when a catheter has been present for more than six 
months.!°!3-!5 Long-standing cases of polypoid cystitis 
may have a fibrous rather than an edematous stroma. The 
mucosal changes associated with vesical fistula may have 
the characteristics of reactive urothelium similar to what is 
seen in nonspecific chronic or acute cystitis. 


Figure 2-13 Papillary cystitis (A and D). Note the finger-like 
projections and prominent inflammatory infiltrates in the 
stroma. 
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Figure 2-14 Papillary cystitis (A and B). 


Papillary—polypoid cystitis should be differentiated from 
low grade papillary urothelial carcinoma.™!6 Important dis- 
tinguishing features include the clinical history of catheteri- 
zation and the presence of broad fronds in polypoid cystitis. 
Of greater difficulty are the thin papillae of papillary cys- 
titis, although the urothelium is usually not as thick as in 
carcinoma, umbrella cells are more common, and there are 
frequent reactive changes in the urothelium. The fibrovas- 
cular cores of the papillae of urothelial carcinoma typically 
have less inflammation and edema than polypoid cystitis, 
but exceptions are observed (Fig. 2-15).'’ The urothelium 
adjacent to papillary carcinoma is often hyperplastic; sig- 
nificant cytologic abnormalities within a papillary lesion or 
the adjacent urothelium favor the diagnosis of carcinoma.!° 

A recent report based on 155 consultation cases of 
polypoid cystitis identified 41 cases that were misdiag- 
nosed as papillary urothelial neoplasms by contributing 
pathologists.? The original diagnoses included noninvasive 
low grade papillary urothelial carcinoma (n = 23), nonin- 
vasive high grade papillary urothelial carcinoma (n = 6), 
papillary urothelial neoplasm of low malignant potential 
(n = 5), papilloma (n = 3), urothelial neoplasia (n = 2), 
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Figure 2-15 Comparison of papillary cystis (A) and low 
grade noninvasive papillary urothelial carcinoma (B). The 
stroma in papillary cystitis contains dense inflammatory cells 
(A). In contrast, papillary cores in urothelial carcinoma are 
finely vascular and less cellular (B). 


carcinoma in situ (n = 1), and squamous carcinoma 
(n = 1). Architecturally, 31 cases had isolated papillary 
fronds, with branching papillary structures in one case. 
The base of the papillary stalks were characterized as 
both broad and narrow (n = 24), only broad (n = 9), 
and only narrow (n = 3). The overlying urothelium of 
polypoid cystitis was diffusely and focally thickened in 
eight cases and five cases, respectively. Occasionally, 
the overlying urothelium can take the appearance of a 
pseudocarcinomatous epithelial hyperplasia. Umbrella cells 
were identified in 32 cases. Mild to moderate acute and 
chronic inflammation was present in 28 cases. Eleven cases 
showed mild to moderate chronic inflammation. Reactive 
urothelial atypia was noted in 26 cases, with mitotic figures 
present in 22 cases (frequent in three and rare in 19 cases). 
Stroma edema was seen in 32 cases, with fibrosis within 
the polypoid stalks seen in 16 cases. The key to correct 
diagnosis of papillary—polypoid cystitis is to recognize 


at low magnification the reactive nature of the process 
with an inflamed background that is edematous or fibrous 
with predominantly simple, nonbranching, broad-based 
fronds of relatively normal thickness urothelium, and 
not focus at higher power on the exceptional frond that 
may more closely resemble a urothelial neoplasm either 
architecturally or cytologically. Pertinent clinical history is 
also helpful in confirming the diagnosis. 


Follicular Cystitis (Cystitis Follicularis) 


Follicular cystitis is present at least focally in 40% of 
patients with bladder cancer and 35% of those with urinary 
tract infection.!® Macroscopically, it typically consists of 
one or more small nodules of pink, white, or gray tissue, 
often with erythema, and may be mistaken for urothelial 
carcinoma. Microscopically, there are numerous lymphoid 
follicles within the lamina propria, usually with germinal 
centers, often slightly elevating the overlying intact or 
attenuated urothelium (Fig. 2-16).!° 

Malignant follicular-type lymphoma is the most impor- 
tant differential diagnostic consideration for follicular 
cystitis, particularly in small biopsy specimens. However, 
patients usually have a history of lymphoma elsewhere, 
and the infiltrate in lymphoma is usually extensive and 
monomorphic. Immunohistochemical studies are partic- 
ularly helpful in distinguishing lymphoma from benign 
lymphoid infiltrates. 


Interstitial Cystitis 


Interstitial cystitis is a chronic idiopathic inflammatory 
bladder disease of unknown cause and pathogenesis 
(Fig. 2-17).?°-6 The diagnosis is based on a combination 
of symptoms, cystoscopic findings, and clinical findings 
that exclude other bladder diseases; biopsy is useful but 
often not necessary. The main indication of bladder biopsy 


Figure 2-16 Follicular cystitis. Benign urothelium overlies a 
lymphoid follicle. 
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Figure 2-17 Interstitial cystitis. Grossly, there are scattered 
mucosal erosions and erythema. 


in these patients is to exclude urothelial carcinoma in 
situ, which usually presents with overlapping symptoms. 
Patients with interstitial cystitis suffer from urgency, 
frequency, and bladder-associated pain. At least 90% of 
the patients are women. 

High pressure cystoscopy, up to 80 cmH,0O, reveals two 
patterns of cases: ulcerative (classic or Hunner ulcer) and 
nonulcerative interstitial cystitis. Patients with ulcerative 
interstitial cystitis (also known as Hunner ulcer’) develop 
large irregular ulcers, whereas nonulcerative interstitial cys- 
titis patients have multiple strawberry-like petechial hemor- 
thages, referred to as glomerulations. The trigone is usually 
not involved in interstitial cystitis.” 

The utility of bladder biopsy in patients with interstitial 
cystitis is controversial. In situ and invasive carcinoma 
of the bladder may be mistaken clinically for interstitial 
cystitis.2°-3! Some authors contend that the histopathologic 
findings are nonspecific and of limited value except to 
rule out carcinoma in situ.°°-3? Others believe that the 
histopathologic findings are useful in confirming the 
diagnosis. 

The majority of patients with the ulcer pattern of 
interstitial cystitis have ulcerations, marked inflamma- 
tion, and granulation tissue (Fig. 2-18; Table 2-2). The 
inflammatory changes are almost always limited to the 
lamina propria.*+*° The ulcerations are wedge-shaped and 
frequently filled with fibrin. Adjacent tissue may show 
marked chronic inflammation, composed principally of 
lymphocytes and plasma cells, often with germinal centers. 
In ulcer-type interstitial cystitis, mast cells are significantly 
increased in number in the lamina propria and the detrusor 
muscle. The urothelium is frequently denuded, detached, 
or floating above the surface. Mucosal denudation is more 
common in ulcer-type interstitial cystitis than in nonulcer 
interstitial cystitis, but is rare in patients without cystitis 
(Fig. 2-19).*? Denudation may result from instrumentation, 
but the urothelium in interstitial cystitis is particularly 


Figure 2-18 Interstitial cystitis, ulcer pattern. Note the 
wedge-shaped erosion with adjacent inflammation (A and B). 
The erosion is accompanied by prominent hemorrhage in the 
lamina propria (C). This young woman had typical clinical 
features of interstitial cystitis. 


fragile, perhaps resulting from a type IV collagen defect in 
the urothelial basement membrane.*° The lamina propria 
is edematous and contains dilated venules (Fig. 2-20). 
In about one-third of cases, abundant neutrophils in 
the venules show margination and involvement of the 
wall of the vein. Hemorrhage of the lamina propria is 
more marked in ulcer patients than in nonulcer patients 
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Table 2-2 Histologic Findings in Interstitial Cystitis 


Mononuclear Infiltrate 


Classification of No. Granulation Mucosal Mucosal Perineural 
Interstitial Cystitis Patients Ulcer Tissue Hemorrhage Rupture + + Grae ar ar ae Infiltrate 
Ulcer (classic) 146 96% 89% 86% 0 0 11% 48% 41% 81% 
Nonulcer (early) 64 (0) 0 89% 83% 77% 14% 9% (0) (0) 


Source: Modified from Ref. 37. 


Figure 2-19 Interstitial cystitis with mucosal denudation. 


(Fig. 2-21). Eighty percent of patients have perineural 
inflammation, but this is also frequently seen in those with 
bladder cancer and is not specific for interstitial cystitis.*” 
Granulation tissue probably results from rupture of the 
bladder mucosa during normal filling, with formation of 
reparative tissue. Significant fibrosis of the detrusor muscle 
is present in only 10% of cases, but is virtually never seen 
in nonulcer patients. One report described fibrosis with 
collagen distribution in a characteristic fashion within the 
muscle fascicles in interstitial cystitis, but this finding has 
not been confirmed.*® 

In contrast to ulcerative interstitial cystitis, nonulcerative 
interstitial cystitis shows very mild histopathologic changes. 
About 90% of cases display hemorrhage corresponding to 
the glomerulations.*” This is usually focal, but may be 
extensive, sometimes with hemorrhage into the urothelium. 
Up to 83% of cases have mucosal rupture that only superfi- 
cially involves the lamina propria and is not associated with 
inflammation. Rupture is associated with suburothelial hem- 
orrhage and probably represents a defect in the urothelial 
lining.*’ The majority of nonulcerative interstitial cystitis 
patients have little or no inflammation, although edema and 
vascular congestion are frequently seen. 

Mast cells are considered by some as a marker for 
interstitial cystitis,’ but this has been refuted.**3” One 
study suggested that 28 mast cells per square millimeter in 


Figure 2-20 Interstitial cystitis. The lamina propria is 
edematous and vascular. 


Figure 2-21 


Interstitial cystitis with stromal hemorrhage. 


the detrusor muscle was diagnostic of interstitial cystitis.’ 
However, other authors found that control patients without 
interstitial cystitis had higher values.**37 Conventional 
toluidine blue stains and Giemsa stains are not adequate to 
identify all mast cells, according to some investigators, and 
they contend that it is necessary to fix tissues in isoosmotic 
formaldehyde/acetic acid. This prevents initial aldehyde 
blocking, and subsequent staining with toluidine blue 
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reveals a second population of mast cells, the so-called 
mucosal mast cells.>” 

In contrast with ulcerative (classic) interstitial cys- 
titis, nonulcerative interstitial cystitis shows only mild 
histopathologic changes (Fig. 2-22). About 90% of cases 
display some urothelial hemorrhage corresponding to 
the glomerulations.*’ This is usually focal but may be 
extensive, sometimes with hemorrhage into the urothelium. 
Up to 83% of cases have mucosal rupture that only super- 
ficially involves the lamina propria and is not associated 
with inflammation; rupture is associated with suburothelial 
hemorrhage and probably represents a defect in the 
urothelial lining.’ The majority of nonulcer cases have 
little or no inflammation, although edema and vascular 
congestion are frequently seen. Some patients with the 
nonulcer form of interstitial cystitis have a discontinuous 
uroplakin immunohistochemical staining at the level of 
superficial/umbrella cells of the urothelium, a finding 
of suggested diagnostic value that awaits confirmation. 
Uroplakin II-64, a splicing variant of uroplakin III, was 
significantly upregulated in interstitial cystitis, suggesting 
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Figure 2-22 Interstitial cystitis, nonulcer pattern. (A) The 
urothelium is reactive, and there is prominent vascular 
congestion. (B) Glomerulation of the submucosa. Both have 
typical clinical features of interstitial cystitis. 


that uroplakin II-ô4 is a potential marker for identifying 
nonulcerative interstitial cystitis.*! 

Tamm-—Horsfall protein may be deposited in the epithe- 
lium and submucosa in patients with interstitial cystitis, 
indicating a barrier defect in this disease.°°*7-4 


Eosinophilic Cystitis 


Eosinophilic cystitis is classified as allergic or nonallergic, 
depending on the likelihood of allergic etiology. Other 
causative factors include atopic diseases, parasitic infec- 
tion, systemic and topical agents such as mitomycin C,*° 
and food allergy. Allergic eosinophilic cystitis occurs at any 
age, although more than 30% of cases occur in children. It is 
twice as likely in females. Patients typically have episodes 
of frequency, dysuria, and hematuria; many have a history 
of asthma or other allergic diseases, often with peripheral 
eosinophilia.*”7 However, eosinophils are not always present 
in significant numbers in the urine or blood. The occa- 
sional polypoid growth may be cystoscopically mistaken for 
carcinoma‘ or, in a child, for sarcoma botryoides pattern of 
rhabdomyosarcoma.*?->4 Nodular and sessile growth with 
or without ulceration may also occur.>> Microscopically, 
the lamina propria is typically edematous and chronically 
inflamed, with numerous eosinophils. Giant cells and granu- 
lomatous inflammation are occasionally present (Figs. 2-23 
and 2-24).>256°7 The eosinophilic infiltrate is often trans- 
mural. Giemsa stain is useful for quantitating eosinophils. 
In nonallergic eosinophilic cystitis, patients often have 
a history of transurethral resection with or without topi- 
cal chemotherapy, but no history of allergy.58 The typical 
patient is an elderly man with another urologic disorder, 
such as prostatic nodular hyperplasia or bladder cancer, who 
sustains bladder injury from instrumentation.°?° The cys- 
toscopic findings are similar to those in allergic eosinophilic 


eosinophils in the urothelium and lamina propria. 
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Figure 2-24 Eosinophilic cystitis. 


cystitis, and the histologic pattern may be identical. Micro- 
scopically, necrosis and fibrosis of muscle are more com- 
mon than in the allergic form.°! The clinical significance 
of eosinophilic cystitis following transurethral resection of 
the bladder is uncertain. 


Encrusted Cystitis 


Encrusted cystitis is an uncommon condition that occurs 
when urea-splitting organisms alkalinize the urine, creating 
superficial deposits of inorganic salts.©* Encrusted cystitis is 
more common in women and is associated with inflamma- 
tory or traumatic urothelial damage. Patients usually com- 
plain of urinary frequency, dysuria, and, commonly, of 
hematuria, associated with passage of gritty material, blood, 
mucus, and pus in the urine. In extensive cases in which 
salts are rich in calcium, encrusted cystitis may be detected 
radiographically. 

Macroscopically, there are single or multiple discrete 
exophytic or flat mineral deposits that are characteristi- 
cally gritty. It is most common at the bladder base. In rare 
instances, encrusted cystitis may mimic a neoplasm. 

Microscopically, calcified deposits are mixed with fibrin 
and necrotic debris on the mucosal surface or submucosa; 
muscle involvement is uncommon (Figs. 2-25 and 2-26). 
In early lesions, there may be prominent chronic inflamma- 
tion, but the infiltrate is usually scant and there is a variable 
amount of fibrosis. Encrustation may also occur on the sur- 
face of a necrotic tumor or on necrotic tissue after a tumor 
has been fulgurated, sometimes masking the neoplasm, a 
critical factor in evaluating such cases.°* Encrusted cystitis 
may be found in combination with malakoplakia.™ 


Emphysematous Cystitis 


Emphysematous cystitis is an uncommon condition charac- 
terized by the presence of gas-filled vesicles that are visible 
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Figure 2-25 Encrusted cystitis. The histologic section is 
distorted by the mineralized debris. 
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Figure 2-26 Encrusted cystitis. Note the thin overlying 
urothelium. 


cystoscopically or on gross examination.® It is more com- 
mon in women than in men, and 50% of patients are 
diabetic. Emphysematous cystitis is associated with a wide 
variety of infectious agents, including bacteria such as E. 
coli or Aerobacter aerogenes, and occasionally the fungus 
Candida albicans ©©° Macroscopically, these are small, 
thin-walled vesicles measuring between 0.5 and 3 cm in 
diameter that rupture easily and are most commonly seen 
within the lamina propria. Microscopically, these are small 
vesicular cysts lined by flattened cells surrounded by thin 
connective tissue septa in the lamina propria that may 
extend into the muscularis propria. Frequently, there is 
an associated foreign body giant cell reaction. 


Gangrenous Cystitis 


This uncommon type of cystitis is typically found in elderly 
or debilitated patients, including those with compromised 
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circulation and systemic infection.® There is often a urinary 
tract infection that progresses to diffuse gangrenous cysti- 
tis. No specific pathogen has been identified consistently, 
and the most likely cause is ischemia of variable severity 
or duration in combination with infection.”°7! Virtually all 
of the bladder urothelium is necrotic and ulcerated, with 
blood clots and fibrinopurulent debris forming a membra- 
nous cast of the bladder lumen. The depth of necrosis into 
the bladder wall is variable but often involves the muscu- 
laris propria. Necrosis of blood vessels results in intramural 
and intraluminal hemorrhage. ’” 


Hemorrhagic Cystitis 


The classic cause of hemorrhagic cystitis is cyclophos- 
phamide irritation (see also Chapter 24).’3-7° This 
chemotherapeutic agent was introduced in 1957 for the 
treatment of select types of leukemia but is now widely 
used for numerous malignancies as well as autoimmune 
disorders and organ transplantation.’*~7° Other causes 
include adenovirus type II and papovavirus, particularly in 
children.’7~®° 

Patients note the sudden onset of dysuria and hematuria 
that is occasionally massive and intractable. There is no 
gender or age predominance, and it appears to be indepen- 
dent of the dose of cyclophosphamide administered. The 
histologic changes in hemorrhagic cystitis include severe 
edema, vascular telangiectasia, and hemorrhage within the 
lamina propria, usually associated with mucosal ulceration 
(Figs. 2-27 and 2-28). Intramural fibrosis is present in 25% 
of cases examined at autopsy. These reversible cytologic 
reparative abnormalities of the urothelial cells may be mis- 
taken for malignancy, and a history of cyclophosphamide 
exposure is useful in avoiding this pitfall.! Hemorrhagic 
cystitis also occurs in patients treated with busulfan.8? 


Viral Cystitis 


Human papillomavirus infection and condyloma 
acuminatum 

Occasional cases of viral cystitis are associated with 
human papillomavirus infection (Figs. 2-29 and 2-30),°° 
but, in our experience, this is extremely uncommon (see 
also Chapter 14).84 


Viruses other than human papillomavirus 

A variety of RNA and DNA viruses have been identified in 
bladder specimens. Patients are usually immunosuppressed 
or suffer from herpes genitalis.*° The most commonly iso- 
lated viruses include adenovirus and papovavirus (hemor- 
rhagic cystitis), herpes simplex virus type II, herpes zoster, 
and cytomegalovirus (Figs. 2-31 to 2-33), particularly in 
immunosuppressed children.8°-°° Polyomavirus infection 
may mimic high grade urothelial carcinoma of the bladder 
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Figure 2-27 Hemorrhagic cystitis. This patient had bone 
marrow transplantation and chemotherapy for acute myeloid 
leukemia (A and B). 


Figure 2-28 Hemorrhagic cystitis following 
cyclophosphamide therapy. 
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Figure 2-31 Cytomegalovirus cystitis. 


Figure 2-29 Condyloma acuminata of the urinary bladder 
(A). The infected cells are positive for human papillomavirus 
virus (B). 


Figure 2-30 Condyloma acuminata of the urinary bladder. 
Note the koilocytic atypia. Figure 2-32 Cytomegalovirus cystitis (A and B). 
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Figure 2-33 Cytomegalovirus cystitis (A and B). Scattered 
stromal cells are infected and positive for CMV 
immunostaining (B). 


(Figs. 2-34 and 2-35).?! Despite the frequency of viruria 
in patients with viral infections involving other organs or 
systemically, clinically significant viral infections of the 
bladder are rare, and histologic descriptions are sparse.” 


Cystitis with Atypical Giant Stromal Cells 


Giant cell cystitis should not be considered to be a distinct 
type of inflammation, but merely cystitis with a notice- 
able number of stromal giant cells (Figs. 2-36 to 2-38). 
Atypical mononucleated or multinucleated stromal cells are 
common in the lamina propria of the bladder, particularly 
in patients following instrumentation. These cells are also 
common in routine biopsies without obvious evidence of 
cystitis, and, when present in large numbers, may cause 
diagnostic difficulty.!’ The atypical cells may be stellate or 
elongate, with tapering eosinophilic cytoplasmic processes 
that simulate smooth and skeletal muscle cells. The nuclei 
are typically hyperchromatic and often irregular in size and 
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Figure 2-34 Polyomavirus infection in a 69-year-old renal 
transplant patient. This patient also has hemorrhagic cystitis 
(A). Immunostaining for BK virus is positive (B). 


shape, but mitotic figures are not present. Similar cells are 
seen in patients treated with chemotherapeutic agents or 
radiation. 


Denuding Cystitis 


Denuding cystitis refers to a bladder lesion with extensive 
loss of the surface epithelium. It is often associated with 
urothelial carcinoma in situ.’ Denuded epithelium also 
occurs frequently in association with many inflammatory 
conditions, including interstitial cystitis? or may be asso- 
ciated with instrumentation. Recognition of the denuding 
pattern of carcinoma in situ is important and should be 
considered in the differential diagnosis of any urinary blad- 
der biopsy in which the urothelium is absent or fragmented 
(see also Chapters 6 and 7).1793-99% 


Radiation Cystitis 


A variety of abnormalities may be seen in the bladder 
as a result of radiation.?’~!°* The earliest change, usu- 
ally seen after 3 to 6 weeks, consists of acute cystitis 
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Figure 2-37 Giant cell cystitis (A and B). 


Figure 2-36 Giant cell cystitis following transurethral 
resection of the bladder for low grade papillary carcinoma. 


with desquamation of urothelial cells and hyperemia and 
edema of the lamina propria (Fig. 2-39).°° The urothe- 
lial cells show varying degrees of atypicality, including 
cytoplasmic and nuclear vacuolization, karyorrhexis, nor- 
mal nuclear-to-cytoplasmic ratio, edema, prominent telang- 
iectatic vessels, hyalinization, thrombosis of blood vessels, 
and atypical mesenchymal cells similar to those seen in ; 
giant cell cystitis (Fig. 2-40) (see also Chapter 24).98-!0 Figure 2-38 Giant cell cystitis. 
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Figure 2-39 Radiation cystitis with acute inflammation, Figure 2-41 Radiation cystitis with pseudocarcinomatous 
vascular congestion, and reactive atypia. epithelial proliferation. 


Figure 2-40 Radiation cystitis. Note the atypical stromal 
cells after radiation therapy. 


A reactive, tumor-like epithelial proliferation, also called 
“pseudocarcinomatous epithelial proliferation,” is seen in 
late phase of radiation cystitis, usually becoming evident 
months or years after radiation therapy. There is fibrosis 
of the lamina propria and/or muscularis propria, arteriolar 
mural thickening and hyalinization, and atypical and some- 
times multinucleated stromal cells are features (Fig. 2-41) 
(see Chapters 3 and 24 for further discussion). 


Chemical Cystitis 
See Chapter 24 for further discussion. 


Diverticulitis 


A diverticulum may develop in the urinary bladder. It is 
invariably associated with chronic inflammation (Fig. 2-42) 
(see Chapter 18 for further discussion). Figure 2-42 Chronic diverticulitis (A and B). 
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Granulomatous Cystitis 


Postsurgical Necrobiotic Granuloma (Granuloma after 
Transurethral Resection) 


Necrotizing palisading granulomas resembling rheumatoid 
nodule and foreign body-type granulomas commonly occur 
after biopsy or transurethral resection of the bladder, 
present in 13% of second resection specimens (Figs. 2-43 
and 2-44).! The frequency with which granulomas occur 
increases with the number of surgical procedures. Necrotiz- 
ing granulomas may be oval, linear, or serpiginous, often 
with a prominent infiltrate of eosinophils.!°* Granulomas 
may extend from the overlying ulcerated mucosa into the 
muscularis propria, eventually resulting in fibrous scarring 
and occasional dystrophic calcification.!°? Diathermy 


may induce antigenic changes in the collagen of the 


subepithelial connective tissue, inciting the granulomatous 
104 


host response. 
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Figure 2-44 Granuloma after transurethral resection. The 
granulomas may be tightly cohesive (A and B) or poorly 
defined (C), invariably mixed with adjacent inflammation. 


See Chapter 24 for further discussion on treatment 
effects. 


Suture Granuloma 


Granulomas occasionally arise in response to silk sutures 
Figure 2-43 Postsurgical necrobiotic granuloma (A and B). introduced at the time of herniorrhaphy or other surgical 


Figure 2-45 Suture granuloma, with residual foreign 
material eliciting a granulomatous response (A and B). 


procedure, producing a mass in or adjacent to the bladder 
(Fig. 2-45).'°° In such cases, the herniorrhaphy is usu- 
ally complicated by wound infection. The interval between 
herniorrhaphy and the appearance of the bladder mass was 
as long as 11 years in one case. Bladder neoplasm is the 
clinical impression in most of these cases, and the patients 
present with urinary symptoms, including hematuria, fre- 
quency, and dysuria.!°° The process primarily involves the 
bladder wall and perivesical tissue, producing an intralumi- 
nal mass visible at cystoscopy. Microscopically, there is a 
histiocytic reaction to suture with foreign body giant cells 
and varying degrees of fibrosis and chronic inflammation. 
We observed a case with prominent fibrosis associated with 
silk suture granuloma following diverticulectomy. 


BCG-induced Granulomatous Cystitis 


Bacillus Calmette—Guérin (BCG), an attenuated strain of 
tubercle bacilli, is an effective topical therapeutic agent 
for noninvasive bladder cancer.!°7~!!° Indications for the 
use of BCG are similar to those for topical drugs, but this 
regimen is especially beneficial in patients with carcinoma 
1n situ. 
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Figure 2-46 BCG-induced granuloma. 


Pathologic changes associated with BCG are similar to 
those of tuberculous cystitis, including superficial ulcera- 
tion with acute and chronic inflammation surrounding non- 
caseating granulomas (Figs. 2-46 and 2-47). A granulo- 
matous reaction appears to correlate with BCG activity and 
may be an important indicator of tumor response. BCG may 
also produce a pattern of reactive epithelial atypia in asso- 
ciation with denudation and ulceration of the urothelium. 
See Chapter 24 for further discussion. 


Schistosomiasis (Bilharziasis)-associated Cystitis 


Schistosomal disease of the urinary bladder induces a wide 
spectrum of histologic changes, including urothelial poly- 
posis, ulceration, hyperplasia, metaplasia, dysplasia, and 
carcinoma (Fig. 2-48; Tables 2-3 and 2-4).!!!-116 Schis- 
tosomal polyposis consists of multiple large inflammatory 
pseudopolyps resulting from heavy localized egg deposi- 
tion during active disease. These lesions usually regress in 
the inactive stage of the disease. When polypoid, they may 
obstruct the urethral or ureteral orifices or may bleed, pro- 
ducing large obstructive clots and anemia. Approximately 
30% of schistosomal polyps are found in inactive disease 
(Figs 2-49 and 2-50; Table 2-4) and appear as fibrocal- 
cific outgrowths representing the remains of granulomatous 
polyps.!'” Five percent of schistosomal polyps are com- 
posed of hyperplastic epithelium. However, almost 60% 
of polypoid lesions of the urinary bladder in patients with 
schistosomiasis are due to causes other than egg deposition 
of the parasite, including nonspecific cystitis and edema 
(polypoid or bullous cystitis). 

In the schistosomal bladder, ulcers occur in the active 
and chronic stages. Those that form during the early active 
stage are rare, occurring when a necrotic polyp sloughs into 
the urine. Those that form in the chronic stage are more 
common, and heavy infection produces constant, deep, 
“hard” pelvic pain, owing to the presence of greater than 
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250,000 eggs per gram of bladder tissue. Chronic ulcers 
are located at or near the posterior midsagittal line of the 
bladder and may be stellate or ovoid. They usually occur 
in young patients, with a mean age of 29 years, suggesting 
that they result from rapid accumulation of eggs. 

The spectrum of urothelial proliferation includes 
hyperplastic squamous epithelium that is often keratinized. 
Hyperplasia associated with severe urinary schistosomiasis 
is seen in all stages of disease, although most commonly 
in the late stages. Dysplastic changes may accompany 
squamous metaplasia similar to the uterine cervix, but this 
is inconstant. 

Urinary schistosomiasis may also cause bladder cancer. 
In endemic regions, schistosomiasis-induced bladder cancer 
is the most common malignant tumor. This cancer is found 
in a younger age group than that of other forms of bladder 
cancer (mean age, 46 years), is more common in women 
than in men, and is rare in the trigone.!!8 Gross hematuria 
is less frequent than in patients with typical bladder can- 
cer. Irritative symptoms are common, and white flakes of 
keratin may be passed in the urine; bladder calcification 
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Figure 2-48 Schistosomiasis of the bladder. Cystoscopic 
appearance of urothelial polyposis in a 9-year-old boy (A). 


Characteristic eggs are present in association with prominent 
chronic inflammation (B). 


Table 2-3 Histopathologic Grading of Schistosomal Urinary 
Bladder Disease 


Criteria 


Grade 

l Occasional eggs in lamina propria 

Il Lamina propria filled with eggs; no involvement 
of detrusor muscle 

Illa Lamina propria filled with eggs; involvement of 
superficial one-third of detrusor muscle 

IIIb Lamina propria filled with eggs; involvement of 


external two-thirds of detrusor muscle 


is sometimes seen on radiographs. These patients have a 
higher frequency of squamous cell carcinoma and adeno- 
carcinoma than do patients without schistosomiasis; the 
remaining patients who do not have squamous cell carci- 
noma or adenocarcinoma have urothelial or undifferentiated 
carcinoma. Squamous cell carcinoma in these patients is 
usually low grade, may be verrucous, and has a better 
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Table 2-4 Comparison of Active and Inactive 
Schistosomiasis* 


Feature Active Inactive 

Adult worm pairs F = 

Oviposition IP = 

Urinary egg E 5 
excretion 

Important in ab = 
transmission 

Granulomatous host F = 
response 

Polypoid lesions + (Possibly Very rare 

obstructive) 
Sandy patches + (In late active) + (Possibly 
obstructive) 

Cause of obstructive Polypoid lesions Sandy patches 
uropathy 

Schistosomal Uncommon Common 
ulceration 

Treatment Chemotherapy Surgical repair 


a+, present; —, absent. 


prognosis than non—Schistosoma-induced squamous cell 
carcinoma, which is often high grade.'!® 


Malakoplakia 


Malakoplakia is an uncommon inflammatory condition 
that usually affects the urinary tract, with a predilection 
for the urinary bladder.'!%'!7° The term “malakoplakia,” 
derived from the Greek, means “soft plaque.” Urinary tract 
malakoplakia primarily affects women (75% of cases), 
with a peak incidence in the fifth decade; in men, it peaks 
in the seventh decade. There is a strong association with 
infection by coliform organisms, particularly E. coli, with 
impairment of intracellular capacity of mononuclear cells 
to kill bacteria.'*! Patients with vesicular malakoplakia 
present with symptoms and signs of urinary tract infection, 
and hematuria is also common. Occasionally, it appears 
in patients receiving immunosuppressive therapy.!?? Urine 
cultures most often yield E. coli, but Proteus vulgaris, 
Aerobacter aerogenes, a-hemolytic streptococci, Klebsiella 
pneumoniae, and other organisms have also been isolated. 
Intracellular bacilliform organisms have been found by 
transmission electron microscopy.!!®!!! 


Figure 2-49 Schistosomiasis of the bladder (A and B). 


Macroscopically, malakoplakia consists of multiple soft 
yellow or yellow-brown plaques, nodules, or papillary or 
polypoid masses usually measuring less than 2 cm in diam- 
eter (Fig. 2-51). Central umbilication and a hyperemic rim 
are common. When large and necrotic, malakoplakia may 
be mistaken for carcinoma.!?? 

Microscopically, it is characterized by submucosal 
accumulation of macrophages with eccentric nuclei and 
granular eosinophilic cytoplasm (von Hansemann cells) 
(Fig. 2-52).!? Diagnostic intracytoplasmic inclusion bod- 
ies, Michaelis—Gutmann bodies, consist of round targetoid 
(“bull’s-eye”) calcospherites, 5 to 8 um in diameter. 
Frequently, these bodies are basophilic, but sometimes 
they are pale and difficult to see in routine prepara- 
tions. Michaelis—Gutmann bodies are brilliantly periodic 
acid—Schiff positive and diastase resistant, and contain 
calcium and, frequently, iron salts; consequently, they 
give positive reactions with the von Kossa technique and 
Perls Prussian blue stain.!2° Michaelis—Gutmann bodies 
are not always conspicuous, particularly in the early stages 
of malakoplakia, and aggregates of macrophages without 
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Figure 2-50 Schistosomiasis of the bladder (A to D). Note the prominent eosinophils and granulomatous inflammation (D). 


Michaelis—Gutmann bodies may represent a prediagnostic 
phase. In some cases, there is granulation tissue, extensive 
fibrosis, and marked acute inflammation that may obscure 
the histiocytic nature of the process.!?? Malakoplakia may 
also contain foreign bodies or Langhans-type giant cells 
and lymphoid follicles at the edge.'*! The main differential 
diagnostic considerations are carcinoma with inflammatory 
stroma and xanthogranulomatous cystitis.2”!!5 


Tuberculosis 


Tuberculous cystitis is usually caused by Mycobacterium 
tuberculosis, although Mycobacterium bovis accounts for 
up to 3% of cases.!*° Bladder involvement is a secondary 
event, occurring in 1% of patients with genitourinary tuber- 
culosis and in about 65% of patients who undergo nephrec- 
tomy for renal involvement. Patients characteristically have 
frequency, dysuria, hematuria, and urgency. The organisms 
implant in the vesical mucosa, often around the ureteral 
orifices via infected urine from the upper urinary tract. 
The initial microscopic changes occur around the ureteral 
orifices, and the earliest mucosal abnormality is marked 
hyperemia, sometimes with edema. The lesions progress to 


form discrete tubercles measuring up to 3 mm in diameter 
that may ulcerate and become covered with friable necrotic 
debris. Occasionally, there is exuberant granulation tissue 
forming polypoid excrescences that macroscopically may 
be mistaken for carcinoma. The tubercles are sharply cir- 
cumscribed and initially firm and solid; as they enlarge, 
they often coalesce and undergo central ulceration. 

Microscopically, the tuberculous granuloma consists 
of an aggregate of epithelioid histiocytes with central 
caseous necrosis and variable numbers of multinucleated 
giant cells, plasma cells, lymphocytes, and circumferen- 
tial fibrosis. Occasionally, caseating necrosis is absent, 
and the granulomas are not well formed; despite this, 
tuberculosis should still be strongly suspected with gran- 
ulomatous inflammation, and efforts made to demonstrate 
mycobacteria. 


Xanthoma and Xanthogranulomatous Cystitis 


Idiopathic cystitis consisting chiefly of sheets of vacuo- 
lated or foamy histiocytes is referred to as xanthoma or 
xanthogranulomatous cystitis, depending on the amount of 
associated inflammation (Figs. 2-53 to 2-55). This lesion 
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Figure 2-51 Malakoplakia. Note the mucosal nodules in the ureter (arrows) (A). The submucosa contains a chronic inflammatory 
infiltrate with abundant Michaelis—Gutmann bodies (B). The periodic acid—Schiff stain highlights the mineralized and 
nonmineralized targetoid bodies (C). Ultrastructure with a large round laminated mineralized cytoplasmic body (D). 


is rare, and may occur in patients with recurrent urinary 
tract infections. Transmural involvement was described in 
one case.!?7 

Xanthogranulomatous cystitis may represent an early 
phase of malakoplakia. It should be noted that large num- 
bers of xanthoma cells may rarely be seen in association 
with bladder cancer.!78-!39 Foamy histiocytes often accu- 
mulate within the fibrovascular cores of papillomas and low 
grade papillary carcinomas of the bladder. Xanthomas can 
be identified by cold-cup biopsy (Figs. 2-56 and 2-57),!>! 
and stromal aggregates of xanthoma cells have rarely been 
described in a fibroepithelial polyp of the ureter.13? 


Other Forms of Granulomatous Cystitis 


Chronic granulomatous disease of childhood rarely affects 
the bladder, consisting of sheets of histiocytes, foreign body 
giant cells, and neutrophils.!*? 

The bladder is occasionally involved in autoimmune 
diseases such as systemic lupus erythematosus, Wegener 
granulomatosis, Steven—Johnson syndrome, pemphi- 
gus vulgaris, lichen planus, and rheumatoid arthritis 
(Fig. 2-58).!54 Patients with BCG instillation following 


bladder cancer have florid granulomatous inflammation 
in bladder biopsies.!°7!*>-'36 Granulomas were found 
in the bladder wall fistula in a patient with Crohn dis- 
ease. Sarcoidosis may involve the urinary bladder.!*7 
Periurethral and submucosal bladder neck injections of 
Teflon paste (polytetrafluoroethylene), used to treat urinary 
incontinence, sometimes result in an exuberant foreign 
body giant cell reaction with granulomas and stromal 
fibrosis.” Histologically, refractile aggregates of Teflon 
are readily identified, particularly with polarization.!*? 


Other Infectious Cystitides 


Fungal Cystitis 


Candida albicans is the most common fungal cause of cys- 
titis, but Candida cystitis is relatively uncommon.!*° Blad- 
der involvement may occur from urethral spread or as part 
of hematogenous spread. Infection is usually restricted to 
the trigone. Candida cystitis usually occurs more in debil- 
itated or immunocompromised patients than in those on 
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Figure 2-52 Malakoplakia (A to D). 
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Figure 2-53 Idiopathic xanthogranulomatous cystitis in a 
transurethral resection specimen. 


antibiotic therapy. Also, it is more frequent in patients with 
diabetes mellitus, particularly women. 

Symptoms of Candida cystitis include nocturia, 
unremitting pain or discomfort, and increased frequency. 
The urine is often turbid or bloody. Macroscopically, the 


mucosa is irregular and slightly elevated, with sharply 
demarcated adherent white plaques that bleed when 
removed. Diffuse erythema is occasionally present. Large 
luminal fungus balls are rarely observed.!'*! 

Microscopically, the urothelium is ulcerated, and the 
submucosa is inflamed. Some patients have emphysematous 
or gangrenous cystitis. Typical fungal spores and hyphae are 
present within fibrinopurulent debris, often in large num- 
bers. Other rare forms of fungal cystitis are caused by 
Torulopsis glabrata, Aspergillus species, and Coccidioides 
immitis .\4 


Actinomycosis 


Actinomycosis of the bladder is rare and usually results 
from extension from adjacent organs such as the fallopian 
tube or ovary. Infection can also descend from the upper 
urinary tract or spread hematogenously.!4? Macroscop- 
ically, the bladder wall is usually focally or diffusely 
thickened. A localized mass simulating a bladder tumor 
or urachal tumor may be present.!4+!4> The mucosa 
is often ulcerated and edematous. Transmural necrosis 
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Figure 2-57 Xanthoma of the urinary bladder. 
Figure 2-58 Necrotizing palisading granuloma. 
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Figure 2-55 Xanthogranulomatous cystitis with polypoid 


Figure 2-54 Xanthogranulomatous cystitis (A and B). 
configuration, mimicking cancer. 
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often creates fistulae. Microscopically, the submucosa and 
muscularis propria contain abundant granulation tissue and 
numerous abscesses of variable size. “Sulfur granules” are 
present, consisting of masses of filamentous bacteria with 
a peripheral array of swollen eosinophilic “clubs.” Periodic 
acid—Schiff and silver stains are helpful in recognizing 
these distinctive organisms. 


Miscellaneous Infectious Cystitides 


Uncommon infections of the bladder include trichomonal 
cystitis, hydatid cystitis, syphilis, and amebiasis. Tri- 
chomonal cystitis, due to Trichomonas vaginalis infection, 
is usually limited to the trigone and results from retrograde 
extension from the posterior urethra in women. In hydatid 
disease, the upper urinary tract becomes infected with 
the ova of Echinococcus granulosa during hematogenous 
spread, and typical cysts form. Rupture of these cysts leads 
to the discharge of their contents into the lower urinary 
tract and subsequent infection of the bladder. 

Syphilis of the urinary bladder is extremely rare and 
may occur in secondary or tertiary syphilis. The gummas 
are usually located near the urethral orifice and are typically 
single. 
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Urothelial Metaplasia and Hyperplasia 


von Brunn Nests 


von Brunn nests are round to oval aggregates of benign 
urothelial cells in the superficial lamina propria that arise 
by invagination of the overlying urothelium (Fig. 3-1).! 
The term “Brunn buds” is sometimes used when attach- 
ment to the urothelium is still apparent.? von Brunn nests 
are a common finding, present in virtually all serially sec- 
tioned bladders at autopsy, present in all age groups, and 
are frequently associated with cystitis cystica and glandu- 
laris. They occur most commonly in the trigone and are 
thought to represent a normal variant of bladder mucosa. 
The etiology is uncertain, and the link with inflammation is 
disputed by some authors. Early reports suggested that von 
Brunn nests are precancerous, but that view is no longer 
accepted. 

von Brunn nests are typically round circumscribed nests 
of urothelial cells usually devoid of atypia, located imme- 
diately beneath the urothelium, and may contain luminal 
eosinophilic secretions (Figs. 3-2 and 3-3; Table 3-1). 
Squamous metaplasia is uncommon. Occasionally, urothe- 
lial carcinoma may extend into von Brunn nests, causing 
bulbous expansion that may be misinterpreted as lamina 
propria invasion. Useful distinguishing features for invasive 
carcinoma include irregular infiltration of the stroma by 
nests of cells and single cells with cytologic abnormalities, 
often accompanied by a stromal response.” Diagnostic 
difficulty occurs when von Brunn nests are present deep 
within the lamina propria, often resulting from tangential 
cutting or mucosal invaginations; this deep separation from 
the overlying epithelium may result in the overdiagnosis of 
carcinoma.* Exuberant (florid) von Brunn nest proliferation 
may be observed, mimicking inverted papilloma, inverted 
urothelial carcinoma, and nested variant of urothelial 
carcinoma (see Chapters 12 and 17). The benign cytologic 


Figure 3-1 von Brunn nests beneath intact urothelium. 


Figure 3-3 von Brunn nests. Note the luminal eosinophilic 
secretions. 


findings in von Brunn nests usually stand in contrast to 
the changes in urothelial carcinomas, but the epithelium in 
florid von Brunn nests, similar to the surface urothelium, 
may exhibit hyperplasia and reactive atypia, including 
the presence of occasional mitotic figures. In contrast 
to the nested variant of urothelial carcinoma, florid von 
Brunn nests in the bladder generally show larger nests 
with more regular shapes and regular spacing (Figs. 3-4 
and 3-5; Table 3-2). In addition, Volmar and colleagues 
utilized immunohistochemical markers, including Ki67 
(MIB1), p53, p27, and cytokeratin (CK) 20 in an attempt 
to differentiate florid von Brunn nests fom nested urothelial 
carcinoma.” They found that although some differences in 
staining with these markers do exist, they are generally 
slight and may not be useful in routine practice, proposing 
that careful application of histopathologic criteria is of the 
highest importance. 
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Table 3-1 Differentiating Histopathologic Characteristics of Cytologically Bland-appearing Glandular and Gland-like Lesions of 


the Urinary Bladder 


von Brunn nests 


Cystitis cystica 


Cystitis glandularis 


Intestinal metaplasia 


Microcystic variant of urothelial 


carcinoma 


Urothelial carcinoma with small tubules 


Nested variant of urothelial carcinoma 


Solid nests of urothelial cells; extension to a uniform depth in the lamina propria; 
lobular architecture (especially in the upper urinary tract); lack of muscularis 
propria involvement 


Central cystic degeneration of von Brunn nests without apical glandular 
differentiation; extension to a uniform depth in the lamina propria; lobular 
architecture (especially in the upper urinary tract); lack of muscularis propria 
involvement 


Apical glandular differentiation in von Brunn nests; cuboidal or columnar central 
lining surrounded by urothelial cells; extension to a uniform depth in the lamina 
ta 
propria; lobular architecture; lack of muscularis propria involvement 


Glandular proliferation within lamina propria; abundant mucin-producing goblet 
cells, sometimes Paneth cells; extension to a uniform depth in the lamina propria; 
lobular architecture; lack of muscularis propria involvement 


Characteristic variation in cyst size, up to 2 cm; infiltrative growth pattern 
throughout the bladder wall; lumen containing necrotic debris, 
PAS-diastase-positive mucin, or empty 


Predominance of small tubules; extensive invasion of bladder wall; lack of 
nephrogenic adenoma features (tubulopapillary architecture, cuboidal 
epithelium, hobnail cells); negative for PSA and PSAP 


Infiltrating nests of urothelial cells with a variable proportion of small tubular 
lumens, resembling von Brunn nests; focal significant atypia present in deeper 
aspects of infiltrative tumor (enlarged nucleoli and coarse nuclear chromatin); 
disorderly proliferation; jagged tumor stroma interface; focal myxoid or 
desmoplastic stroma; extensive infiltration of bladder wall out of proportion to 
histologic grade 


PAS, periodic acid-Schiff; PSAP, prostate-specific acid phosphatase 


Figure 3-4 von Brunn nest proliferations (A and B). 
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Table 3-2 Key Morphologic Features Distinguishing Nested Variant of Urothelial Carcinoma from Florid von Brunn Nests 


Organization 


Nested variant Crowded, irregular glands 


Florid von Brunn nests 


Large, regularly spaced, 
rounded nests 


Figure 3-5 von Brunn nest proliferations. 


In bacillus Calmettc—Gruérin (BCG)-treated bladders, 
it is important to keep in mind that residual carcinoma 
in situ might be present only in von Brunn nests°-® (see 
Chapter 7). 


Cystitis Cystica 


Cystitis cystica probably results from central cavitation of 
von Brunn nests (Figs. 3-6 to 3-8). Not uncommonly, these 
nests demonstrate central cystic degeneration, resulting in a 
gland-like lumen termed “cystitis cystica.” It is found in up 
to 60% of serially sectioned bladders”? and is most com- 
mon in adults, but it often occurs in children. Like cystitis 
glandularis, it occasionally simulates a neoplasm.”:!0- !? 

Grossly or at cystoscopy, cystitis cystica consists of one 
or more discrete translucent, 2 to 5 mm in diameter, sub- 
mucosal beads or cysts, varying from pearl white to yellow- 
brown (Fig. 3-6).>!314 Tt contains clear or slightly yellow 
fluid, is lined by cuboidal or flattened urothelium,?3 and 
is often filled with eosinophilic fluid. Cystitis cystica is not 
premalignant. 

Histologically, the nests are composed of layers of 
urothelial cells without significant atypia and, in the case 
of cystitis cystica, without true glandular differentiation. 


Lumen Cytologic Infiltrative Muscle 
Formation Atypia Growth Invasion 
Variable Present Present Yes, frequent 
Variable Absent Absent No 


Figure 3-6 Gross appearance of cystitis cystica. 


Although these lesions are quite common and of a benign 
nature, occasionally there is the possibility for confusion 
with the nested variant of urothelial carcinoma, a decep- 
tively benign histologic appearance of invasive urothelial 
carcinoma with clinical behavior more similar to that of a 
high grade tumor. The rare microcystic bladder carcinoma 
also enters the differential diagnosis in selected cases 
of cystitis cystica. Particularly, this challenge may be of 
greatest concern in limited biopsy specimens. Generally, 
histologic features that aid in this differential diagnosis 
include extension of the urothelial nests to a uniform depth 
in the lamina propria rather than an infiltrative appearance. 
In the bladder, large cystic spaces are frequently present, 
while extension of the proliferative process into the 
muscularis propria is absent. Although mild nuclear atypia 
is sometimes seen, significant atypia is not. This may be 
suggestive of an alternative process, such as involvement 
of the cystitis cystica by urothelial carcinoma in situ. The 
nested or microcystic variants of urothelial carcinoma may 
also show a moderate degree of nuclear atypia in deeper 
aspects of the tumor. Similarly, the microcystic variant of 
urothelial carcinoma, although rare, may be an even greater 
source of diagnostic difficulty. By definition, this variant of 
urothelial carcinoma is composed of variably sized tubular 
and cystic structures with bland cytology. Confinement 
of the cystic proliferative process to the superficial aspect 
of the bladder mucosa may be a helpful diagnostic 
feature of cystitis cystica; although, in a superficial biopsy 
specimen, this distinction may be challenging indeed. 
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Figure 3-7 Cystitis cystica (A to D). Nests of proliferative urothelium with dilated central lumens. 


Figure 3-8 Cystitis cystica (A and B). Note the pink proteinaceous secretions in the lumens. 
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Cystitis Glandularis and Intestinal 
Metaplasia 


Cystitis Glandularis, Usual (Typical) Type 


Cystitis glandularis is thought to arise from von Brunn 
nests, similar to cystitis cystica, and is frequently associated 
with voiding symptoms (Fig. 3-9).”° Cystitis glandularis is 
characterized by a central lining of cuboidal or columnar 
cells surrounded by layers of urothelial cells (Figs. 3-10 
and 3-11). Some authors believe it to be a metaplastic 
change of the urothelial lining in response to chronic inflam- 
mation or irritation. It is present in 71% of serially sectioned 
bladders and, like von Brunn nests, is most common in the 
trigone. It may be responsible for unusual bladder masses 
in children,”!> and rare cases are associated with pelvic 
lipomatosis.!®!7 Cystitis glandularis is present in some 
patients with neuropathic bladder and chronic indwelling 
urinary catheter.”:!8 

Two forms of cystitis glandularis may coexist: usual 
(typical) type and intestinal type, the latter based primarily 


Pal 6 ” 


Figure 3-11 Cystitis glandularis. 


on the presence of abundant, mucin-secreting goblet cells. 
The usual form is most common, consisting of acini lined 
by cuboidal to columnar cells often surrounded by layers 
of urothelial cells. Sung et al. demonstrated that these 
lesions have characteristic immunostaining with CK7, 
similar to normal urothelium, and absence of expression 
for CDX2 and CK20, markers associated with intestinal 
differentiation. "°? 

Occasionally, a prolonged history of diffuse cystitis glan- 
dularis of intestinal form precedes adenocarcinoma.”?7! In 
such cases, the bladder often contains a variety of abnor- 
malities, including glandular dysplasia and adenocarcinoma 
in situ.” Intestinal metaplasia and the intestinal form of 
cystitis glandularis are not strong risk factors for bladder 
adenocarcinoma, although this remains controversial.”??~78 


Fat SOP ss 3 Occasionally, the cystoscopic appearance of cystitis glandu- 
Figure 3-9 Cystitis cystica glandularis. Gross (A) and laris suggests malignancy, particularly with polypoid cys- 
microscopic appearance (B). titis glandularis. In this context, the microcystic variant of 
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urothelial carcinoma may again be challenging to exclude 
from the differential diagnosis, as the characteristic cysts 
and tubular structures exhibit a great deal of variability in 
size and morphology. Traditionally, the term “cystitis cys- 
tica et glandularis” has been used when cytitis cystica and 
cystitis glandularis coexist in the same patient. 


Intestinal Metaplasia (Cystitis Glandularis, Intestinal 
Type) 


The intestinal form of cystitis glandularis consists of tall 
columnar and goblet cells with prominent mucin production 
resembling colonic epithelium.”?’?9-?! Paneth and neu- 
roendocrine cells are present. The intestinal form of cystitis 
glandularis has the same histochemical profile as that of 
colonic epithelium. Atypia and mitosis are not common 
features of intestinal metaplasia of the bladder. 

Some authors tend to separate cystitis glandularis, 
intestinal type (as described above) from intestinal meta- 
plasia, a lesion similar to the intestinal form of cystitis 
glandularis, but the term “metaplasia” is restricted to cases 
in which the surface urothelium contains columnar cells 
with goblet cells.”3233 We, and others, now use the term 
“intestinal metaplasia” instead of “cystitis glandularis, 
intestinal type,” suggesting a more technically accurate 
description of these interesting proliferative processes. 

Grossly, it is often seen coexisting with cystitis cys- 
tica and cystitis glandularis (Fig. 3-12). Microscopically, 
intestinal metaplasia is composed of glandular proliferations 
within the lamina propria similar to those of typical cystitis 
glandularis; however, rather than a cuboidal or columnar 
lining surrounded by urothelium, the nests contain abun- 
dant mucin-secreting goblet cells (Figs. 3-13 and 3-14). In 
contrast to cystitis glandularis of the usual type, Sung et al. 
found these lesions to have positive immunohistochemical 
staining with CDX2 and CK20, coupled with absence of 


Figure 3-12 Cystitis cystica glandularis and intestinal 
metaplasia (gross). 
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Figure 3-13 Intestinal metaplasia involving cystitis 
glandularis. 


staining for CK7, suggesting genuine intestinal differentia- 
tion (Fig. 3-15).'? Occasionally, a significant component of 
extracellular mucin may be present,*+ adding to the chal- 
lenging differential diagnosis of primary adenocarcinoma 
and urachal adenocarcinoma. These cases have been called 
“florid cystitis glandularis of intestinal type with mucin 
extravasation” (Figs. 3-16 and 3-17). 

Although intestinal metaplasia has been implicated in the 
development of bladder adenocarcinoma due to frequent 
coexistence of the two entities, a definitive premalignant 
link has been difficult to identify. As telomere shortening 
has been recognized in the development of epithelial can- 
cers, Morton et al. studied telomere length via fluorescent in 
situ hybridization (FISH) and found that bladder intestinal 
metaplasia is associated with significant telomere shorten- 
ing relative to adjacent normal urothelial cells (Fig. 3-18).*° 
A subset of cases with telomere shortening also demon- 
strated chromosomal abnormalities common to urothelial 
carcinoma by FISH analyses. These findings suggest that 
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Figure 3-14 Intestinal metaplasia (A and B). Note the surface 
urothelium involvement by intestinal metaplasia (B). 


intestinal metaplasia of the urinary bladder may indeed be 
a precursor in the development of adenocarcinoma. The 
authors therefore proposed complete resection of the areas 
affected, elimination of any inflammatory stimulus, and 
continued endoscopic surveillance in the management of 
such lesions. In contrast, however, Smith et al. found that 
both cystitis glandularis and intestinal metaplasia are seen 
relatively frequently in conjunction with both bladder can- 
cer and benign bladder specimens, suggesting that there is 
no future risk of malignancy.*° 


Florid Cystitis Glandularis 


Florid cystitis glandularis is usually an incidental finding 
and is distinguished from adenocarcinoma by the lack of 
stromal infiltration and the absence of marked cytologic 
abnormalities.”?°*+3738 Cases in which there are distorted 
glands in the stroma or deep within the lamina propria, 
particularly with cytologic abnormalities (even if minor), 
should be evaluated carefully to exclude malignancy. 


Patients may present with irritative obstructive symptoms 
or hematuria; florid cystitis glandularis has no malignant 
potential. 

Grossly, it may be a nodular or polypoid lesion, with 
predilection for the trigone and bladder neck. On micro- 
scopic examination, there is involvement of von Brunn 
nests by glandular metaplasia, resulting in an exuberant pro- 
liferation of glands lined by columnar cells, with or without 
goblet cells characterized by proliferation of glands in the 
lamina propria, some with the appearance of cystitis glan- 
dularis of the usual type (Figs. 3-19 to 3-21). Most glands 
are lined by tall columnar cells with basally located nuclei 
lacking cytologic atypia; Paneth cells may be seen. Lesions 
are confined to the lamina propria and lack significant 
cytologic atypia, but some may be difficult to differentiate 
from adenocarcinoma, particularly when submitted for 
frozen section evaluation. The situation may be further 
confounded by the finding of acellular dissecting mucin 
pools in the lamina propria and muscularis propria.2>4? 
In these cases, distinguishing well-differentiated adenocar- 
cinoma from florid cystitis glandularis relies on the greater 
degree and extent of these atypical features in cancer. 

The differential diagnosis of florid cystitis glandularis 
includes adenocarcinoma, which has significant cytologic 
atypia, infiltrative growth, invasion into muscularis propria, 
and frequent mitoses. Metastatic prostatic adenocarcinoma 
may also mimic florid cystitis glandularis (Fig. 3-22; 
see also Chapters 23 and 26). Endocervicosis and 
miillerianosis may involve both the muscularis propria 
and lamina propria, but the greater portion of the lesion 
is in the muscularis propria. Florid cystitis glandularis 
frequently recurs and may require aggressive therapy.”*° 
Metaplastic bone and cartilage may rarely appear in the 
stroma of florid cystitis glandularis.?+! 


Squamous Metaplasia 


Squamous metaplasia can be divided into nonkeratinizing 
and keratinizing types. It is a frequent finding in patients 
with Schistosomiasis haematobium infection, nonfunction- 
ing bladder, exstrophy, or severe chronic cystitis. 1842-4 It 
is more common in women than in men, and often occurs 
on the anterior wall.2*4© Some studies suggest that kera- 
tinizing squamous metaplasia may be a malignant precursor 
lesion.27 

At cystoscopy, the mucosa is thickened and typically 
white or gray-white. The appearance may be striking, 
with irregular flaky keratinizing material (Fig. 3-23).7*8 
Microscopically, there is squamous mucosa of variable 
thickness that is often covered by a layer of keratin 
(Figs. 3-23 to 3-27). Cytologic atypia is uncommon but 
may include dysplasia or carcinoma in situ, raising the 
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Figure 3-15 Immunohistochemical analysis of intestinal metaplasia of the urinary bladder (A to E) and typical cystitis glandularis 
(F to J). Intestinal metaplasia (A) demonstrates positive nuclear staining for CDX2 (B), positive cytoplasmic staining for CK20 (C), 
and negative staining for CK7 (D) and Hep (E). Typical cystitis glandularis (F) demonstrates negative staining for CDX2 (G), CK20 
(H), and Hep (J), and positive cytoplasmic staining for CK7 (I).(From Ref. 19; with permission.) 
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mucin extravasation. 


possibility of invasive carcinoma elsewhere in the 
specimen.*>9 The relationship of squamous metaplasia 
and squamous cell carcinoma is a matter of debate with 
contradictory findings.?2“+>°->? In a series from the Mayo 
Clinic, 22% of patients with squamous metaplasia had 
synchronous carcinoma, and another 20% subsequently 
developed carcinoma when followed for as long as 30 
years.2°? The mean interval from the diagnosis of squa- 
mous metaplasia to the development of carcinoma was 11 
years. The high frequency of squamous metaplasia and 
squamous cell carcinoma in patients with schistosomiasis 
supports this association.2°+ A recent review, based on 
54 years of experience, found keratinizing squamous 
metaplasia to be more frequent in men (80%), with a mean 
age of 50 years (range, 13 to 80 years). Keratinizing 
squamous metaplasia of the bladder was considered a 
significant risk factor for bladder contracture, ureteral 
obstruction, and carcinoma.”*? In Khan et al.’s study, 
eight (of 30) cases (27%) developed cancer.*” The authors 
divided the cases into “limited” and “extensive” squamous 
metaplasia based on cystoscopic examination. Patients with 
“extensive” squamous metaplasia had a much higher rate 
of developing cancer (42%) than did those with “limited” 
squamous metaplasia (12%).*” 

Squamous metaplasia should be distinguished from 
nonkeratinizing glycogenated squamous epithelium, similar 
to that of the vaginal type, which is a normal finding in 
the trigone and bladder neck in up to 86% of women 
during the reproductive and menopausal years (Figs. 3-28 
and 3-29),2,9556 Some authors, in older literature, referred 
to the finding of trigonal glycogenated squamous epithe- 
lium as “pseudomembranous trigonitis,” a term no longer 
recommended. Epithelium of this type rarely occurs in 
men, except in patients receiving estrogen therapy for 
prostatic carcinoma. Glycogenated squamous epithelium in 
the trigone may be very thick in rare cases (Fig. 3-29).?7 


Figure 3-17 Florid cystitis glandularis of intestinal type with 
mucin extravasation. 


Nephrogenic Metaplasia (Nephrogenic 
Adenoma) 


Nephrogenic metaplasia (nephrogenic adenoma) is most 
common in the bladder (55% of cases) but may also involve 
the urethra (41%) and ureter (4%).”57-64 It usually occurs 
in adults (90% of cases),”>© and male predominate (2:1 
ratio). Symptoms and endoscopic features of nephrogenic 
metaplasia are not specific and may include hematuria, 
frequency, and dysuria.” Most patients have a history of 
an operative procedure or one or more irritants, including 
calculi, trauma, cystitis, and tuberculosis.?7°°° About 
8% of patients have undergone kidney transplantation; in 
these patients, cells of nephrogenic adenoma derive from 
tubular cells of the renal transplant and are not metaplastic 
proliferations of the recipient’s bladder urothelium.?°?- 

The terms “nephrogenic metaplasia” and “nephrogenic 
adenoma” have been used interchangeably, probably 
reflecting the interesting pathogenesis of these lesions. 
Nephrogenic adenoma is probably nonneoplastic and 
represents a metaplastic change of the urothelium in 
response to a stimulus (nephrogenic metaplasia), as these 
lesions are commonly seen in association with mucosal 
irritation of various etiologies. However, in the setting 
of renal transplant recipients with an opposite-gender 
donor, the lesional cells have been found to demonstrate 
the sex chromosomes of the donor by FISH, suggesting 
that the proliferative cells may have a true renal origin. 
In this context at least, nephrogenic adenoma appears 
to be derived from shed renal tubular epithelial cells 
that migrate, implant, and proliferate in the urinary tract 
mucosa in a setting of mucosal injury, such as that induced 
by implantation of the donor ureter into the recipient’s 
bladder, and the presence of an intravesical catheter in the 
immediate postoperative period. 
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Figure 3-18 Telomere shortening in intestinal metaplasia of the urinary bladder. (A) H&E staining of intestinal metaplasia 
characterized by glandular structures in the lamina propria, lined by columnar epithelium, including goblet cells. (B) FISH with 
telomere-specific probe of inset in (A) showing reduced telomere signal intensity in metaplastic cells compared to the adjacent 
stromal cells. Another example of intestinal metaplasia demonstrating similar findings (C and D). (E) Representative hybridization 
in a case of intestinal metaplasia using the UroVysion probe set containing centromeric probes (CEP) 3, 7, and 17 and 
locus-specific probe (LSI) 9p21. The metaplastic cell shows three CEP3 (red), three CEP7 (green), two CEP17 (aqua), and two LSI 
9p21 signals, indicating a gain of chromosomes 3 and 7. (F) Comparison of telomere length between normal urothelium and 
intestinal metaplasia. (From Ref. 35; with permission.) 
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Figure 3-19 Florid cystitis glandularis. 


Typically, nephrogenic metaplasia is 1 cm or less in 
diameter and single, but exceptions occur.” Microscopi- 
cally, tubules are the most common histologic finding,”7! 
but the proliferation may also be papillary, tubular, cystic, 
tubolocystic, polypoid, and, rarely, diffuse and solid (Figs. 
3-30 to 3-37). Mixed growth patterns are often seen in the 
same lesion. The papillary component of nephrogenic ade- 
noma may mimic urothelial neoplasm; however, the lining 
of the papillary structures by a single layer of cuboidal cells 
favors a diagnosis of nephrogenic adenoma. The tubules of 
nephrogenic metaplasia appear as small, round, hollow acini 
reminiscent of renal tubules.” They are occasionally solid 
and surrounded by a prominent basement membrane that is 
highlighted by periodic acid—Schiff stain.” The tubules 
frequently become dilated and cystic, but may also appear 
as nearly solid nests. The lumens often contain eosinophilic 
or basophilic secretions that are weakly mucicarminophilic. 
Most of the cells lining the tubules, cysts, and papillae are 
cuboidal or low columnar with scant cytoplasm; occasion- 
ally, the cells have abundant clear cytoplasm.””+ Hobnail 


Figure 3-20 Florid von Brunn nest proliferations and cystitis 
glandularis (A and B). 


cells line the tubules and cysts in up to 70% of cases, and 
large cysts may be lined by flattened cells. Signet ring cells 
may be seen in nephrogenic adenoma (Fig. 3-37). 

Small amounts of mucin may be present in the cells of 
nephrogenic metaplasia, but glycogen is usually scant or 
absent. Nuclear abnormalities are uncommon and, when 
present, appear reactive or degenerative.’> Mitotic figures 
are rare or absent. The stroma is typically described as 
edematous with a variable infiltrate of inflammatory cells, 
sometimes prominent. Other stromal features sometimes 
include dilated vessels, calcification, amyloid-like plaque, 
or multinucleate giant cells. There is often marked chronic 
cystitis, which may partially obscure nephrogenic meta- 
plasia; squamous and glandular metaplasia may coexist 
with nephrogenic metaplasia. Rare cases of nephrogenic 
metaplasia are associated with prominent stromal calcifi- 
cation, malakoplakia, or cytomegalovirus infection.?’”°77 
Nephrogenic metaplasia is diploid?’* and associated with 
an abundance of mucosal mast cells, a finding related to 
immunoglobulin E—mediated allergy.””? 
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— — bladder. The mucosal surface is thickened, leathery, and 
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Figure 3-22 Metastatic prostatic adenocarcinoma mimicking 
florid cystitis glandularis (A). Immunostaining for 
prostate-specific antigen (PSA) is strongly positive (B). The 
urothelium (left side) is negative for PSA staining. Figure 3-24 Keratinizing squamous metaplasia (A and B). 
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Figure 3-28 Glycogenated squamous epithelium in the 
normal trigone of a women during the reproductive years. The 


vaginal-type nonkeratinizing glycogenated squamous 
epithelium should not be mistaken for squamous metaplasia. 


Figure 3-26 Nonkeratinizing squamous metaplasia in a 
bladder biopsy specimen. 


Figure 3-27 Transition of urothelium to squamous 
metaplasia. von Brunn nests and cystitis glandularis are also Figure 3-29 Glycogenated squamous epithelium. The 
present. epithelium is thickened (A and B). 


Urothelial Metaplasia and Hyperplasia 


Pt 


wy 


Figure 3-30 Nephrogenic metaplasia, papillary pattern (A and B). 


Figure 3-31 Nephrogenic metaplasia. Papillary pattern (A and B) and tubulocystic pattern (C and D). 
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Figure 3-32 Nephrogenic adenoma, tubulocystic pattern. 
Dilated tubules are lined by hobnail cells. 
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Figure 3-33 Nephrogenic adenoma, polypoid pattern 
(A and B). 


Figure 3-34 Nephrogenic adenoma, solid and tubular pattern 
(A and B). 


The most common differential diagnostic considera- 
tions of nephrogenic metaplasia are adenocarcinoma and 
urothelial carcinoma with pseudoglandular differentiation 
(Table 3-3; see also Chapter 13).%!280-84 The papillary 
component of nephrogenic adenoma may mimic urothelial 
neoplasm; however, the lining of the papillary structures 
by a single layer of cuboidal cells favors a diagnosis 
of nephrogenic adenoma. The proliferation of tubules 
may raise concern for adenocarcinoma, but the lack 
of significant cytologic atypia or mitotic activity, the 
presence of a mixture of tubular and papillary components, 
and the edematous/inflammatory stroma are features 
more in keeping with nephrogenic adenoma than with 
adenocarcinoma, especially in a pediatric patient with a 
history of prior bladder surgery. Nonetheless, significant 
cytologic atypia may also be seen in nephrogenic adenoma 
(Fig. 3-38). These lesions are termed “atypical nephrogenic 
metaplasia.”*? Despite cytologic atypia, these lesions are 
benign, and additional treatments are not necessary.** 
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Figure 3-35 Nephrogenic adenoma, polypoid pattern (A and B). It resembles polypoid cystitis. However, there is only one cell 
layer lining. The stroma is edematous and vascular with scant inflammatory cells. 
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Figure 3-36 Nephrogenic adenoma, polypoid and papillary patterns (A and D). 
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Figure 3-37 Nephrogenic adenoma with signet ring cell fea- 
ture. 


Based on the proposed origin of nephrogenic adenoma 
from renal tubular epithelial cells,“ Tong and colleagues 
examined the expression of PAX2, a renal-specific tran- 
scription factor, in cases of nephrogenic adenoma as well as 
normal prostatic epithelium, urothelium, prostatic adenocar- 
cinoma, and urothelial carcinoma.®° They found positivity 
in all nephrogenic adenoma cases, while the counterpart 
normal epithelium and prostatic/urothelial neoplasms were 
negative, suggesting that PAX2 may also be a useful marker 
for challenging cases. 

Another differential diagnostic consideration of nephro- 
genic adenoma is clear cell adenocarcinoma (see also 
Chapter 13).!282-84 In 1986, Young and Scully noted 
that hobnail cells, similar to those of clear cell carci- 
noma of the cervix and vagina, may be seen in up to 
one-third of cases.°° However, differentiating features of 
nephrogenic adenoma include a minimum of cytologic 
atypia, infrequency of mitotic figures, male predilection 
(as opposed to female for clear cell adenocarcinoma), 
small to microscopic size, and infrequency of abundant 
clear cytoplasm. In some cases, nephrogenic metaplasia 
is composed of minute mucin-containing tubules lined 
by single cells with compressed nuclei that simulates 
signet ring cell carcinoma.” Hobnail cells suggest 
the possibility of clear cell carcinoma of the bladder, 
but such cells are focally present in 70% of cases of 
nephrogenic metaplasia. Solid tubules with cells containing 
clear cytoplasm also suggest clear cell carcinoma,”** but 
this is an uncommon and focal finding in nephrogenic 
metaplasia.”87-8 Histopathologic features that favor clear 
cell adenocarcinoma over nephrogenic metaplasia include 
a predominance of clear cells, severe cytologic atypia, 
high mitotic rate, the presence of tumor necrosis, high 
MIB1 count, and strong staining for p53 (Table 3-3).7° 
At present, the greatest difficulty in separating nephro- 
genic metaplasia and clear cell carcinoma arises in small 


specimens and biopsies of urethral diverticula. When 
present in the prostatic urethra, nephrogenic metaplasia 
may be mistaken for prostatic adenocarcinoma. In the 
differential diagnosis of adenocarcinoma, Skinnider et al. 
noted that as nephrogenic adenoma may be positive for 
a-methylacyl-CoA racemase (AMACR or P504S), it might 
be confused with prostatic adenocarcinoma, particularly 
when involving the prostatic urethra.?! Similarly, lesions 
frequently show the absence of high molecular weight 
cytokeratin and p63, which may falsely confirm this 
impression. Gupta et al. demonstrated similar findings, 
leading the authors to conclude that careful examination 
of traditional hematoxylin and eosin—stained sections and 
application of morphologic criteria may be the most critical 
element in resolving the differential diagnosis.?* Notable 
distinguishing features of nephrogenic adenoma include 
lack of significant cytologic atypia/mitoses or the presence 
of mixed tubular and papillary components, hobnail cells, 
or an edematous/inflammatory stroma. The absence of 
prostate-specific antigen in nephrogenic adenoma is a 
helpful diagnostic feature. 

Further complicating this issue, Cheng and colleagues 
discussed 18 cases of nephrogenic adenoma with cytologic 
atypia (atypical nephrogenic metaplasia). Defined as the 
presence of nuclear enlargement, hyperchromasia, and 
prominent nucleoli, these lesions may be highly concerning 
for malignancy; however, none of the patients studied 
developed bladder carcinoma over a followup period 
of 3.5 years. These authors cite circumscribed growth; 
confinement to the lamina propria; small size; absence 
of mitotic figures, necrosis, or nuclear pleomorphism; 
and the presence of inflammation and stromal edema as 
distinguishing features of nephrogenic adenoma. 

Hansel and colleagues described an unusual variant of 
nephrogenic adenoma with areas of recognizable nephro- 
genic adenoma admixed with fibromyxoid areas composed 
of spindled cells resembling fibroblasts or small vessels 
and a fibromyxoid extracellular matrix (Fig. 3-39).?? These 
lesions, termed “fibromyxoid nephrogenic adenoma,” may 
closely mimic an infiltrating mucinous adenocarcinoma. Of 
the patients studied, the majority had a clinical history of 
treatment for prior prostate or bladder carcinoma, while one 
patient had no such history, and one patient had an asso- 
ciated adjacent carcinoma with extracellular mucin. The 
authors suggest that awareness of this unique appearance, 
coupled with the presence of typical nephrogenic adenoma 
histology and immunohistochemical features, may prevent 
misdiagnosis of this interesting lesion as a mucinous carci- 
noma. 

Finally, nephrogenic adenoma should be differentiated 
from urothelial carcinoma with small tubules/acini, a rare 
variant of urothelial carcinoma that demonstrate a marked 
predominance of small tubules and acini.“ In such cases, 
confusion with prostatic adenocarcinoma or nephrogenic 
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Table 3-3 Differentiating Clinicopathologic Characteristics of Nephrogenic Adenoma, Clear Cell Adenocarcinoma, and 


Prostatic Adenocarcinoma? 


Nephrogenic adenoma 


Male predilection; minimal cytologic atypia (limited to nuclear enlargement/hyperchromasia 


and prominent nucleoli in atypical NA); absence of pleomorphism; edematous, 
inflammatory stroma; infrequent mitotic figures; small to microscopic size; circumscribed 
growth (may be intermixed with superficial muscle fibers); confinement to lamina propria; 
absence of necrosis; less frequent abundant clear cytoplasm; minimal, focal p53 staining 
(up to 20% in atypical NA); Ki67 count < 14 per 200 cells; PAX2 positive; negative for PSA 


Clear cell adenocarcinoma 


Female predilection; significant tumor size; greater cytologic atypia; necrosis; significant 


mitotic rate; strong p53 staining; Ki67 count > 32 per 200 cells; lack of PSA or PSAP 


staining 


Prostatic adenocarcinoma 


Male; positivity for PSA and/or PSAP; lacking mixed tubulopapillary components of NA 


(except in ductal-type prostatic adenocarcinoma); negative for PAX2 


aNA, nephrogenic adenoma; PSA, prostate-specific antigen; PSAP, prostate-specific acid phosphatase. 
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Figure 3-38 Nephrogenic metaplasia with cytologic atypia (atypical sclerosing adenosis) (A and B). 


adenoma may be possible. The negativity of tumor cells for 
prostate-specific antigen and prostatic-specific acid phos- 
phatase may be a helpful feature in such circumstances. 
In differentiation of this lesion from nephrogenic adenoma, 
morphologic evaluation for the characteristic tubular and 
papillary components, cuboidal to low columnar epithe- 
lium, and occasional hobnail appearance of nephrogenic 
adenoma may be helpful. Also, urothelial carcinoma with 
small tubules/acini may show extensive invasion of the 
bladder wall in opposition to its bland histology. 


Urothelial Hyperplasia 


Flat (Simple) Urothelial Hyperplasia 


Flat (simple) urothelial hyperplasia is associated with a 
wide variety of inflammatory disorders, lithiasis, and vesical 
neoplasms, particularly those with papillary growth.”°526 
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This unusual finding may represent an early stage in the 
development of papillary urothelial neoplasms. The true 
incidence of flat hyperplasia is not known, due to a lack 
of large-scale screening studies.”°6-°8 

Histologically, urothelial hyperplasia is usually focal and 
consists of an increase in the number of cell layers, usu- 
ally 10 or more (Figs. 3-40 and 3-41). However, it is not 
necessary to count the number of cell layers for the diagno- 
sis. There are few or no significant cytologic abnormalities, 
although a slight nuclear enlargement may be present. Mor- 
phological evidence of maturation from base to surface 
is generally evident.”°? Hyperplasia may occasionally be 
associated with dysplasia or carcinoma in situ in the adja- 
cent mucosa, but this is uncommon. Pseudopapillary growth 
is uncommon in flat hyperplasia and characteristically lacks 
well-formed vascular cores. 

Mimics of flat urothelial hyperplasia include urothelial 
compression artifact and tangential sectioning of the 
mucosa.”*° It should be distinguished from urothelial 
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Figure 3-39 Nephrogenic metaplasia, fibromyxoid variant (A to D). 


Figure 3-40 Simple urothelial hyperplasia. The urothelium 
displays normal maturation without papillae, uniform cell 
spacing, and no nuclear abnormalities; however, it is 


substantially thicker than normal. 


Simple urothelial hyperplasia. 


Figure 3-41 


dysplasia and carcinoma in situ (see Chapters 6 and 7 for 
further discussion). 

Molecular evidence suggests that flat urothelial hyper- 
plasia is a putative precursor. Studies have shown that 
71% of cases of flat urothelial hyperplasia had the same 
chromosome 9 deletions that exist with concurrent low 
grade papillary urothelial carcinoma.”°”8 FISH studies 
for 9q22 (FACC) and 9p21 (p16/CDK12) have shown the 
same chromosome 9 deletions in hyperplasia and normal 
urothelium when there are coexisting low grade papillary 
tumors. Also, 17p13 deletions were found in 8% of cases 
of urothelial hyperplasia and low grade carcinoma. In 
that study, the same chromosomal anomalies were present 
in the adjacent “normal-looking” urothelium. Also, a 
clonal relationship between flat urothelial hyperplasia and 
concomitant papillary carcinoma was observed in 50% 
of cases.” A possible genetic relationship between flat 
hyperplasia and low grade papillary tumors has been 
supported further by recent molecular studies showing 
chromosome 9 deletions and mutations in the fibroblast 
growth factor receptor 3 (FGFR3) gene in both urothelial 
hyperplasia and low grade papillary neoplasia. Recently, 
Majewski et al. found additional loss of heterozygosity 
at 3q22—q24, 5q22-q31, 10q26, 13q14, and 17p13 in 
benign hyperplastic lesions from bladders with urothelial 
carcinoma. 100 

Taken together, these molecular data indicate pre- 
neoplastic potential of flat lesions regardless of cellular 
phenotype and suggest a role for flat hyperplasia in 
the pathogenesis of low grade papillary urothelial car- 
cinoma. However, when flat urothelial hyperplasia is 
seen in isolation, there is no evidence of premalignant 
potential.” 


Papillary Hyperplasia 


Within the spectrum of urothelial hyperplasia, papillary 
architecture may be present; most of these patients have 
concomitant papillary urothelial neoplasia. The term 
“papillary urothelial hyperplasia” remains controversial 
and is rarely used. The lesion described as such is usually 
found with concomitant papillary urothelial carcinoma or 
in followup biopsies of these patients.” !9!!°? Undulating 
folds of urothelium that lack cytologic atypia and fibrovas- 
cular cores characterize papillary hyperplasia (Figs. 3-42 
and 3-43). Although considered “hyperplastic,” papillary 
hyperplasia is typically surfaced by normal-appearing 
urothelium only four to seven cells in thickness. Cyto- 
logically, the cells in papillary hyperplasia lack atypia 
and maintain nuclear polarity. There may be increased 
vascularity in the stroma at the base of the papillary 
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Figure 3-42 Papillary TRA Microscopi papillary 
growth without cytologic atypia. This represents early 
papilloma or papillary hyperplasia. 


folds. This lesion is considered by some to be the clonal 
precursor of papillary urothelial carcinoma based on 
associated genetic anomalies,”!°? but critics contend that it 
actually represents early undiagnosed papillary carcinoma. 

Clinical studies of papillary hyperplasia are very lim- 
ited. Taylor et al. reported 16 cases of “typical” papillary 
hyperplasia occurring in patients with either a prior or a 
concurrent low grade papillary urothelial neoplasia.'°! The 
majority of their patients were men (11 men and 5 women) 
with a mean age of 67.5 years (range, 40 to 89 years). 
In a subsequent study, Swierczynski and Epstein reported 
15 cases of papillary urothelial hyperplasia with varying 
degrees of atypia, ranging from dysplasia to flat carcinoma 
in situ (atypical papillary urothelial hyperplasia).!°* Most 
of the patients in Swierczynski and Epstein’s study devel- 
oped high grade urothelial neoplasms. This is in contrast 
to low grade tumors occurring in patients with papillary 
hyperplasia without atypia previously reported by Taylor 
et al. Taken together, these clinicopathologic studies suggest 
that papillary hyperplasia may be a precursor of low grade 
papillary neoplasms, and that atypical papillary hyperplasia 
may progress to carcinoma in situ and high grade papillary 
cancer. 

The primary differential diagnoses of papillary hyper- 
plasia include papilloma, low grade papillary carcinoma, 
and polypoid cystitis.'+ In contrast to low grade papil- 
lary neoplasms or papilloma, papillary hyperplasia lacks 
well-defined central fibrovascular cores, arborization, and 
detached papillary fronds. There may be increased vas- 
cularity in the stroma at the base of the papillary folds 
in papillary hyperplasia. However, these changes do not 
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Figure 3-44 Pseudocarcinomatous epithelial hyperplasia (A and B). 
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extend upward into the papilla. In diffuse papillomatosis, 
the mucosa is more extensively involved by small delicate 
papillary processes, creating a velvety cystoscopic appear- 
ance (see also Chapter 5). Papillary hyperplasia also lacks 
the broad-based stalks and inflammation seen in polypoid 
cystitis. Some cases of polypoid cystitis have thin finger- 
like papillae. However, papillary urothelial hyperplasia is 
not accompanied by the abundant chronic inflammation that 
is seen in polypoid cystitis. 

Inflammatory “papillary hyperplasia” of the bladder may 
be confused with cancer at cystoscopy; we contend that the 
best term for this finding is “papillary cystitis” (see also 
Chapter 2). Microscopically, there is characteristic gran- 
ulation tissue with varying amounts of acute and chronic 
inflammation and, occasionally, denuded papillae. Cases of 
this type are referred to in older literature as “cystitis gran- 
ulosa.” 


Pseudocarcinomatous Epithelial Hyperplasia 


Recently, a lesion named “pseudocarcinomatous epithelial 
proliferation” (hyperplasia), a rare form of florid von Brunn 
nests first described in association with radiation therapy 
or chemotherapy, has been reported as unassociated with 
either.>7! Tt is characterized histologically by pseudoin- 
filtrative nests of epithelium, sometimes with squamous 
metaplasia, which are adjacent to ectatic blood vessels that 
often contain fibrin thrombi (Figs. 3-44 and 3-45). These 
nests, especially because of their irregular shape, can resem- 
ble invasive carcinoma. 


Figure 3-45 Pseudocarcinomatous epithelial hyperplasia (A 
and B). 
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Polyps and Other Nonneoplastic Benign Conditions 


Polyps and Polypoid Lesions of the 
Bladder 


Fibroepithelial Polyp 


This rare lesion arises most frequently in children with 
a mean age of 8.9 years,! and there is a strong male 
predilection.'!* It involves the renal pelvis ureteropelvic 
junction, the upper one-third of the ureter, the posterior 
urethra, and the bladder neck,*+ where it may appear as 
a large polypoid mass.>~’ The origin may be congenital 
(sometimes referred to as congenital posterior urethral 
polyp)? or possibly acquired. Patients are asymptomatic 
or present with hematuria, urgency, dysuria, flank pain, 
and hesitancy.!~!* The radiologic and/or endoscopic dif- 
ferential diagnosis may include malignancy, especially if 
the lesion is large and appears to represent a mesenchymal 
process. !° 

The biologic behavior of fibroepithelial polyp is uni- 
formly benign, although one study identified translocation 
of chromosomes 4 and 6 in a single case, raising the ques- 
tion of whether such lesions represent a benign neoplasm 
or whether a constitutional abnormality was present in this 
particular case.!? 

Histologically, it is similar to fibroepithelial polyps seen 
elsewhere, appearing as a solitary polyp with a broad stalk 
containing a fibrous or edematous core usually devoid 
of significant inflammation or edema masses (Figs. 4-1 
to 4-3). The epithelial lining is flat, or hyperplastic in 
some cases. The fibrovascular cores contain blood vessels 
and a few clusters of chronic inflammatory cells; areas of 
ulceration or erosion may be present. Rarely, there may 
be atypical stromal myofibroblasts or stromal xanthoma 
cells.!3 Three patterns are identified: (1) papillary growth 
with a core of fibrous connective tissue punctuated by 
numerous minute round vessels; (2) papillary growth 
with secondary elongated delicate finger-like projections 
(secondary branching); and (3) polypoid growth with broad 
leaf-like or club-shaped papillae with nonintestinal-type 
cystitis glandularis of the stalk. One case was asso- 
ciated with Beckwith-Wiedemann syndrome.* Another 
unusual case arose in a diverticular abscess draining 
into the vagina.'* Most cases in the lower urinary tract 
are treated successfully by transurethral resection; giant 
fibroepithelial polyps may be removed successfully by 
ureterocystoscopy; more extensive resection is rarely 
required.® 

Benign atypical stromal cells similar to those in giant 
cell cystitis are sometimes present in fibroepithelial polyps, 
referred to as pseudosarcomatous stroma, and may be mis- 
taken for sarcoma (Figure 4-4).!5 Such cells are often large, 
multinucleated, and contain smudged featureless chromatin; 
mitotic figures are invariably lacking. 


Figure 4-1 Fibroepithelial polyp (A and B). 


Figure 4-2 Fibroepithelial polyp, with a flat atrophic 
urothelial surface lining. 
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It is critical to separate fibroepithelial polyp from urothe- 
lial carcinoma. Fortunately, these lesions usually affect 
different patient populations, have different locations in the 
urinary tract, and differ radiographically.!° Distinguishing 
fibroepithelial polyp from urothelial papilloma may be 
challenging; however, the complex, interanastomosing, 
and budding papillary architecture of papilloma is not 
characteristic of fibroepithelial polyp. Fibroepithelial polyp 
differs from polypoid cystitis in that it is a solitary polypoid 
growth, usually with a more fibrous than inflammatory 
stroma. Although the differential diagnosis also includes 
botryoides-type rhabdomyosarcoma, which may present 
as a polypoid mass in the region of the bladder neck and 
prostatic urethra, fibroepithelial polyp lacks the features of 
the latter, which include cytologic atypia, mitotic activity, 
Figure 4-3 Fibroepithelial polyp with a fibrotic stroma. necrosis, and cambium layer formation. 


Ectopic Prostatic Tissue 


Papillary, polypoid, and sessile masses of benign prostatic 
epithelium are rarely found in the male bladder and res- 
embling similar findings in the urethra.'!7~?! These lesions 
probably represent persistent embryologic remnants. A 
variety of terms have been used to describe them, including 
ectopic prostatic tissue, benign polyps with prostate-type 
epithelium, villous polyps, papilloma, papillary ade- 
noma, urethral adenoma, glandular polyps, and prostatic 
caruncle,!722 

Ectopic prostatic tissue is more common at the trigone, 
arising in men between 30 and 84 years of age.*°*° The 
average age is 60 years.!” Hematuria is the usual pre- 
senting symptom. Ectopic prostatic tissue consists of acini 
lined by columnar epithelium that displays prostate-specific 
antigen (PSA), prostatic-specific acid phosphatase (PSAP), 
and prostein (P501S) immunoreactivity (Figs. 4-5 and 4-6). 
High molecular weight cytokeratin (CK; 348E12) positivity 
is seen in basal cells.” Rarely, the acini of ectopic pro- 
static tissue are partially covered by urothelium. Associated 
inflammation is uncommon. Rare cases may yield atypical 
cells on urine cytology. 

The main differential diagnosis in the bladder includes 
cystitis cystica/glandularis due to the presence of glandular 
structures in a subepithelial location. The key to distinguish- 
ing the two is recognition of the undulating architectural 
appearance of the ectopic prostatic glands and appreciation 
of the presence of a dual cell layer (columnar epithelial 
cells and basal cells) in ectopic prostatic glands, histologic 
features that are not seen in cystitis cystica/glandularis. 
The presence of corpora amylacea can be very helpful 
in the distinction. It was reported previously that ectopic 
prostatic tissue invariably occurs in association with cys- 
titis cystica/glandularis and hence represents a metaplastic 


process. 110-33 
Figure 4-4 Pseudosarcomatous stroma in fibroepithelial In the largest series of ectopic prostate tissue pre- 
polyps (A and B). sented in the urinary tract, Halat et al. showed cystitis 
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Figure 4-5 Ectopic prostate (A and B). 


Figure 4-6 Ectopic prostate (A to D). Prostate-specific antigen immunostaining is positive (B and D). 


cystica/glandularis in only 25% of the specimens.'’ None 
of these cases showed any other form of metaplasia, such 
as intestinal or squamous metaplasia, which often occur in 
association with chronic irritation.'’ In all cases, the pro- 
static glandular tissue was in a submucosal location, with 
no apparent communication with the surface urothelium or 
the cystitis cystica urothelium. 

Immunohistochemistry is helpful in difficult cases. PSA 
and PSAP are relatively specific and sensitive markers for 
tissue of prostatic origin; however, both have been reported 
to be positive in periurethral glands in males**?> and 
females.” It is therefore recommended that they should 
be used in conjunction with other markers for prostatic 
tissue, such as P501S, which is a transmembrane protein 
that is prostate specific and so far has been detected only 
in prostate tissue in males.”°?’ CD10, a putative marker of 
tissue of mesonephric origin, is another useful biomarker. 
CD10 is usually positive in epithelial and basal cells of 
normal and hyperplastic prostatic acini, but is negative in 
prostatic adenocarcinoma. The pattern of CD10 immunos- 
taining is consistently apically luminal in the epithelial 
cells.” If these stains are inconclusive, basal cell markers 
such as p63 and high molecular weight cytokeratins, or a 
PIN4 cocktail to demonstrate the presence of populations 
of both basal cells and secretory epithelial cells are used. 


Polypoid Hamartoma 


Hamartoma of the bladder usually arises in children 
between the ages of 4 and 15 years, often in associa- 
tion with hamartomatous polyps of the gastrointestinal 
tract.2°-3! It consists of a mixture of tissues resembling 
von Brunn nests, cystitis cystica, and cystitis glandularis. 
The stroma may be muscular, fibrous (Fig. 4-7), or 
edematous.*” The intestinal form of cystitis glandularis 
may be present, and some authors consider this an unusual 
and florid variant of cystitis glandularis. A unique case of 
urachal polypoid hamartoma was reported in a 45-year-old 
woman.*? 


Papillary—Polypoid Cystitis 


See Chapter 2 for further discussion. 


Nephrogenic Adenoma 


See Chapter 3 for further discussion. 


Papilloma 


See Chapter 5 for further discussion. 


Villous Adenoma 


See Chapter 5 for further discussion. 
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Figure 4-7 Polypoid hamartoma. 


Condyloma Acuminata 


See Chapter 14 for further discussion. 


Squamous Papilloma 


See Chapters 5 and 14 for further discussion. 


Inverted Papilloma 


See Chapters 5 and 17 for further discussion. 


Miscellaneous Nonneoplastic Benign 
Conditions 


Diverticulosis 


Diverticula are saccular evaginations of the urinary bladder 
(Figs. 4-8 and 4-9). They are most common in men (90% 
of cases), and occur in ages ranging from 21 to 90 years. 
Patients usually have bladder outlet obstruction at the blad- 
der base.*4 Bladder diverticula vary from a few millimeters 
to several centimeters in diameter, and about one-half are 
multiple. At surgery, most are inflamed, with thinning of 
the sac wall, fibrosis, and loss of muscle fibers in the wall 
(Fig. 4-10). Neutrophils often infiltrate the lamina propria, 
and focal squamous or glandular metaplasia of the mucosa 
may be present. Calculi may also be present. Neoplasms 
are more common in diverticula than in the normal blad- 
der, and a variety of mesenchymal and epithelial benign and 
malignant tumors may coexist.447° The survival rate with 
diverticular carcinoma is poor. Diverticular cancer is more 
likely to be high grade urothelial carcinoma, squamous cell 
carcinoma, carcinosarcoma, or sarcoma than typical bladder 
cancer. 
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Figure 4-8 Diverticulosis of the bladder. Figure 4-10 Chronic diverticulitis. 


Endocervicosis 


The term “endocervicosis” refers to an uncommon glandu- 
lar tumor-like condition occurring in the bladder of women 
between 31 and 44 years of age. All lesions reported were 
diagnostically challenging, and some were misinterpreted 
as adenocarcinoma. Symptoms include suprapubic pain, 
dysuria, frequency, and hematuria.*° 

Macroscopically, endocervicosis typically arises in 
the posterior wall and posterior dome of the bladder. 
Microscopically, there is extensive involvement of the 
wall by irregular benign-appearing or mildly atypical 
endocervical-type glands, some that are typically cysti- 
cally dilated (Figs. 4-11 and 4-12). Although the stroma 
surrounding the glands may demonstrate a constellation of 
patterns, including normal smooth muscle, an acutely and 
chronically inflamed fibrous cuff, endometrial-type stroma, 
or elastosis, a desmoplastic response is not present and 
may help in the discrimination from adenocarcinoma.*°—*8 


Figure 4-9 Diverticulosis (A and B). Figure 4-11 Endocervicosis of the bladder. 
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Figure 4-12 Endocervicosis of the bladder (A and B). 


Clement and Young concluded that these lesions were 
miillerian and presented examples of endocervicosis as the 
mucinous counterpart of endometriosis.>” 

Differentiation from intestinal metaplasia (cystitis glan- 
dularis of the intestinal type) may be challenging; however, 
the architectural pattern of deep muscular involvement in 
endocervicosis is a contrasting feature to the superficial 
location of cystitis glandularis. Intestinal metaplasia 
appears to be composed more uniformly of goblet-type 
cells with genuine intestinal differentiation, as evidenced 
by staining with intestinal markers. Urachal remnants, 
which may also demonstrate a columnar lining, are typi- 
cally identified incidentally, as opposed to the symptomatic 
mass lesion of endocervicosis. However, asymp- 
tomatic, incidentally identified endocervicosis has been 
reported.°? 

As these lesions carry a challenging differential diagno- 
sis, careful workup should include exclusion of a primary 
endocervical adenocarcinoma or well-differentiated ade- 
nocarcinoma of the bladder.*° The absence of a primary 


cervical lesion by clinical history may be helpful, espe- 
cially if the cervix has been, at least in part, submitted 
to pathologic examination, combined with the absence of 
cytologic atypia and mitosis in bladder endocervicosis. 
Although some cervical adenocarcinoma is associated 
with a bland histologic appearance, so-called minimal 
deviation adenocarcinoma, generally, focal atypia may be 
appreciated.*! Primary well-differentiated bladder adeno- 
carcinoma without at least focal significant identifiable 
atypia has not been reported. 

Immunohistochemical markers also appear to confirm 
the benign and endocervical origin of these lesions. In 
a case report, HBME-1, a marker typically described 
as positive in the endocervical epithelium, demonstrated 
strong positivity in the reported bladder endocervicosis 
lesion in comparison to control samples of endocervical 
tissue (sparsely positive) and urothelium (negative).** 
Estrogen receptor (ER) and progesterone receptor (PR) 
exhibited a similar strong pattern of staining in the bladder 
lesion compared with control endocervix (heterogeneous 
staining). DF3, a marker of apomucin MUCI1, was strongly 
positive in both lesional tissue and controls. These authors 
also found a low proliferative index with Ki67/MIB1, 
supporting the benign nature of the lesion.*® 


Endometriosis 


The bladder is the most common organ (68% to 85%) in 
the urinary tract to harbor foci of ectopic endometrial tis- 
sue (Fig. 4-13). 4!~45 Most cases occur in women during 
the reproductive years (25 to 40 years of age), and many 
occur following pelvic surgery. Endometriosis of the blad- 
der has rarely been reported in men.*°4” Cystoscopically, 
the involved areas may be ulcerated, resulting in hematuria. 
If the implants are deep within the muscularis propria, they 


Figure 4-13 Endometriosis of the bladder. Disabling diffuse 
endometriosis in a young woman that required cystectomy. 
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Figure 4-14 Endometriosis of the bladder (A and B). 


may elicit a prominent fibrous response, resulting in a mass 
lesion with wall distortion. The pathogenetic mechanism 
by which endometriosis occurs is not entirely clear. Pro- 
posed pathways include reflux through the fallopian tube, 
direct extension of adenomyosis, lymphatic/hematogenous 
“metastasis,” metaplasia, embryologic remnants, immuno- 
logic disorder, postsurgical implantation, or a combination 
of the above.4+45.48-50 

Histopathologic diagnosis is typically based on 
the presence of both endometrial glands and stroma 
(Figs. 4-14 to 4-16). In some cases, these features may 
be obscured, leading to significant differential diagnostic 
difficulties.4!~*>! The glands observed in these lesions 
typically resemble those of an inactive or proliferative pat- 
tern endometrium, although occasionally a secretory pattern 
is seen. The stromal component at least focally resembles 
normal endometrial stroma, although it may be quite 
inconspicuous and confined to a limited zone surrounding 
the glandular component. Similarly, the stromal component 
may be obscured by infiltrating histiocytes, either with 
foamy or hemosiderin-laden cytoplasm. Endometriosis, 
in general, may produce a fibrotic reaction composed 
of small, stellate fibroblasts or extensive smooth muscle 


By SSS RS 


Figure 4-15 Endometriosis of the bladder (A and B). 


metaplasia, creating a mass-like lesion. Involvement of 
native smooth muscle, however, is more common. 
Awareness of a variety of histologic findings in cases 
of endometriosis is also important to avoid misdiagnosis. 
Although, overall, the process is uncommon in the urinary 
tract, endometriosis, in general, sometimes demonstrates 
abundant extracellular mucin, postmenopausal changes, 
or treatment-related changes.*? Features that may cause 
confusion with a glandular malignancy include cytologic 
atypia (mild to moderate), which is seen with relatively 
high frequency in endometriosis and, less commonly, 
an Arias—Stella type of reaction similar to that seen in 
native endometrial specimens associated with pregnancy. 
Notably, endometrial hyperplasia may be present and 
is probably similar in significance to native uterine 
lesions.*>>! Along these lines, malignancy may sometimes 
arise in endometriosis. This does occur in the urinary 
tract, although infrequently, and virtually all types of 
endometrial-type adenocarcinoma may rarely be seen. 
Such a diagnosis is typically based on evidence of 
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Figure 4-16 Endometriosis of the bladder (A and B). 


concurrent readily identifiable endometriosis, absence of 
alternate primary tumor, and morphology compatible with 
endometrial origin. 

Immunohistochemistry may be helpful in demonstrating 
the ectopic nature of this tissue type, especially in the case 
of small biopsy specimens. Positivity with CD10, similar 
to normal or neoplastic endometrium, may be a useful 
diagnostic feature, although nonspecific to endometrial 
tissue. In cases of ureteral endometriosis, Al-Khawaja 
and colleagues identified significant positivity for ER, PR, 
CK7, and CA125 in the epithelial component, with CD10 
expression in the stromal component, suggesting that 
these markers may be helpful for resolving the differential 
diagnosis. 

The pathogenesis of vesical endometriosis is uncertain. 
The main theories can be categorized as embryonic, 
migratory, and immunologic. Embryonic theories suggest 
that endometriosis may result from metaplastic changes of 
wolffian, miillerian, and occasionally peritoneal (coelomic- 
derived) structures. On the other hand, migratory theories 


propose that retrograde menstruation, lymphovascular 
metastasis, and direct extension are different ways for 
the endometrial cells to transplant into ectopic sites. 
Immunologic theories suggest that suboptimal immune 
response may result in ectopic endometrial implantation. 

Treatment of endometriosis is either medical or sur- 
gical, depending on the patient’s age, symptoms, degree 
of obstruction, and the desire to preserve reproductive 
function. Hormonal therapy is best suited for patients of 
childbearing age who wish to retain reproductive capa- 
bility. Therapy involves the use of any of the following 
agents: danazol, gonadotropin-releasing hormone agonist, 
medroxyprogesterone, estrogen—progestin combinations, 
or progestin alone. These drugs inhibit ovulation and 
reduce stimulation of endometriotic tissue, but their effects 
on fibrosis and scarring are minimal. Surgical treatment is 
also a feasible option. 


Endosalpingiosis 


Collectively referred to as miillerianosis, components 
of endometriosis, endocervicosis, and endosalpingiosis 
may sometimes be seen in varying combinations in the 
bladder.*! In such cases, the epithelium of a tubal-type 
component may be lined by low cuboidal, partially ciliated 
cells, intermingled with intercalated cells and peg cells, 
similar to endosalpingiosis seen elsewhere. Differentiation 
from atrophic endometriosis (without significant endome- 
trial stroma) may be achieved and is frequently based on 
a relative abundance or lack of a ciliated cell constituent. 
Like other miillerian lesions, a tumoral mass composed 
of one or more glandular types may be present. Curative 
treatment includes partial cystectomy and transurethral 
resection of the bladder.53-55 


Miillerianosis 


In cases in which endosalpingiosis is associated with endo- 
cervicosis, endometriosis, or both, the term “miillerianosis” 
has been proposed (Fig. 4-17).>° 


Pigmented Lesions 


Melanosis of the bladder (lipofuscinosis vesicalis) 

Excess lipofuscin deposition is a normal process of aging, 
but is rarely found in the bladder, with only a handful 
of cases having been reported (Figs. 4-18 and 4-19).57-6! 
The cystoscopic or macroscopic appearance of multifocal 
dark pigmented spots or patches may create concern for 
melanoma, and coexistent melanosis and melanoma may 
occur.® Melanocytes are apparently not present in the nor- 
mal urothelium; however, S100 immunoreactive dendritic 
cells are present in inflamed urothelium, urothelial carci- 
noma, and cystitis follicularis.°* Adriamycin toxicity may 
be associated with vesical melanosis. 
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Metabolic Deposits 


Amyloidosis 


Amyloidosis is a disorder in which abnormal proteina- 
ceous deposits occupy the parenchyma, interstitium, and 
blood vessel walls in multiple organs. The condition is 
classified as primary or secondary. Many patients present 
with primary amyloidosis, which includes monoclonal 
IgG abnormalities of serum, urine, or both, as well as 
amyloid deposits in the skin, tongue, heart, gastrointestinal 
tract, and carpal ligaments. Secondary amyloidosis is more 
common and accompanies chronic inflammation or an 
infectious process such as rheumatoid arthritis, osteomyeli- 
5 s ` tis, tuberculosis, syphilis, bronchiectasia, or ankylosing 
Figure 4-17 Müllerianosis of the bladder. spondylitis. Amyloidosis is considered a generic term that 
refers to the deposition of various proteins that share a B- 
pleated sheet x-rayed diffraction pattern. Different clinical 
types of amyloidosis are now more specifically associated 
with identifiable proteins usually derived from circulating 
serum precursors. The abnormal protein of the amyloid 
fibril in patients with nonhereditary primary systemic 
amyloidosis, or those with plasma cell dyscrasia, is either 
an intact immunoglobulin light chain (L) or a fragment of 
its variable region (hence, amyloid L or AL). In localized 
amyloidosis of the genitourinary tract, the amyloid fibrils 
appear to have kappa and lambda determinants, indicating 
immunocytic derivation. The abnormal protein associated 
with secondary amyloidosis is not immunoglobulin derived 
but appears to follow cleavage in the liver of the serum 
protein known as SAA, with the formation of amyloid 
A (AA). Anti-AA monoclonal antibodies may be used 
to identify this type of amyloid. AA also constitutes the 
abnormal protein in patients with hereditary amyloidosis 
(familial Mediterranean fever). Other types of inherited 
amyloidosis (autosomal dominant) are associated with 
other -pleated proteins, such as the variant of nor- 
mal thyroxine-binding prealbumin, in the amyloidotic 
polyneuropathies, cardiomyopathies, or nephropathies. 
Fibrillar protein deposition of monomers and dimers of 
Êa microglobulin occurs in patients on long-term dialysis, 
and this fibrillar protein has the same staining properties 
as those of amyloid. Most, but not all, cases of vesical 
amyloid are not associated with a systemic disorder and 
present with localized tumefactions in the bladder. 
Primary vesical amyloidosis occurs with equal fre- 
quency in men and women, and typically causes gross 
painless hematuria. Men appear to be affected at a younger 
age than women. This disorder may be associated with 
suprapubic pain, frequency, nocturia, dysuria, recurrent 
urinary tract infection, and ureteral obstruction. Primary 
vesical amyloidosis may clinically mimic interstitial cysti- 
Figure 4-19 Melanosis of the bladder. tis. At cystoscopy, primary amyloidotic lesions are usually 
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localized, appearing as hemorrhagic ulcers, erythematous 
and inflammatory excrescences, yellow  tumefactions 
(ulcerated or necrotic), smooth round masses that are 
occasionally calcified, or as polyps.® Localized deposits 
frequently resemble infiltrating neoplasms. 

Microscopically, there is eosinophilic, acellular, amor- 
phous material in primary amyloidosis that thickens and 
distorts arteries and veins in the suburothelial stroma and 
inner layers of the muscularis propria (Fig. 4-20). Connec- 
tive tissue in these layers also becomes involved. There 
is usually no inflammatory response, although a lympho- 
plasmacytic and giant cell reaction may occasionally occur. 
Smooth muscle amyloid deposition apparently begins at the 
periphery of muscle bundles and progresses centrally. 

Vesical amyloidosis associated with systemic disorders is 
similar to the primary type. The secondary type is uncom- 
mon and, rather than forming a localized mass, presents 
with diffuse erythema and petechiae or focal necrosis. There 
is more prominent vascular than stromal involvement, pre- 
sumably accounting for the propensity for massive sponta- 
neous hemorrhage or torrential bleeding after biopsy.” 

A distinctive subtype of AA amyloidosis shows mas- 
sive vascular infiltration with protein AA fibrils. Amyloid 
stained by hematoxylin and eosin may be difficult to distin- 
guish from hyalinized collagen, which usually is found in 
hyalinized blood vessel walls and some papillae of urothe- 
lial carcinomas. Amyloid may be missed if there are few 
deposits and the pathologist is not considering this possi- 
bility. Unlike collagen, amyloid is not birefringent in polar- 
ized light. Its tinctorial qualities do not distinguish between 
primary and secondary types. However, -pleated protein 
fibrils are metachromatic (red) with crystal or methyl vio- 
let; they fluoresce after thioflavin T staining, and appear 
bright apple green following staining with alkaline Congo 
red and use of polarized light. Monoclonal antibodies may 
be used to further analyze these deposits. 
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Tamm-—Horsfall Protein Deposit (Tamm —Horsfall 
Pseudotumor) 


Tamm-—Horsfall protein (THP) is a high molecular weight 
glycoprotein synthesized exclusively by the ascending loop 
of Henle and the distal tubule of normal kidney. Under 
pathologic conditions, THP may accumulate in the renal 
parenchyma, perirenal soft tissue, or renal hilar lymph 
nodes. Deposits of THP have been described in the bladder 
and ureter, and are more frequent in men (male-to-female 
ratio, 8:1) between the ages of 45 and 78 years (mean, 
68 years). Two morphologic patterns of presentation have 
been described. The most common presents with THP 
appearing as large waxy pale or weakly eosinophilic 
masses (Fig. 4-21). In such cases, THP was strongly pos- 
itive by periodic acid—Schiff, pale on Masson trichrome 
stain, and ultrastructurally composed of nonbranching 
4-nm-wide fibrils arranged in a parallel fashion. In the 
second pattern, THP appears as inconspicuous flecks of 
interconnecting strands of eosinophilic material obscured 
by a large amount of adjacent fibrinous exudate or necrotic 
tissue. In these cases, Masson trichrome and periodic 
acid—Schiff stains are not always helpful in making the 
diagnosis. Immunohistochemical studies using anti-THP 
antibody allow identification of even small amounts of 
THP. Also, staining is helpful in differentiating THP from 
amyloidosis or hyalinized collagen. Typically, the areas 
where THP is deposited invariably show necrosis, inflam- 
mation, fibrinous exudate, ulcer, or crystalline material. 
THP is frequently seen in bladder tissue, and probably 
represents an incidental finding of morphologic interest 
but no clinical significance. Recently, we observed two 
tumors of the renal pelvis that were associated with THP 
deposits, including an inflammatory myofibroblastic tumor 
and an invasive urothelial carcinoma. 

Calcium oxalate crystal deposit may rarely be seen in 
patients with bladder stone (Fig. 4-22). 


Figure 4-20 Amyloid deposit in the bladder. 


Figure 4-21 Tamm-—Horsfall protein deposit in the bladder. 
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Figure 4-22 Calcium oxalate crystal deposit in the bladder. 


Other Rare Benign Lesions 


Submucosal Calcification and Ossification 


Massive calcification rarely occurs in the bladder, similar 
to its counterpart in the renal pelvis (Fig. 4-23).® Patients 
often have a long history of chronic cystitis, frequently with 
nephrogenic metaplasia or urachal carcinoma.”? A case of 
massive submucosal bone metaplasia was reported in asso- 
ciation with encrusted cystitis.”! 


Hemorrhage and Rupture 


Subepithelial hemorrhage, similar to the Antopol—Goldman 
lesion of the renal pelvis, rarely occurs in bladder masses 
(Fig. 4-24). 17-74 The lesion, termed “subepithelial pelvic 
hematoma,” closely mimics cancer clinically. Pseudoneo- 
plastic healing reactions may occur following traumatic 
bladder rupture. Spontaneous rupture of the urinary bladder 
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Figure 4-23 Heterotopic ossification of the bladder. 


Figure 4-24 Subepithelial pelvic hematoma of the renal 
pelvis. It mimics cancer clinically. 


is a late complication of radiotherapy.” A unique case of 
prolapse of the fallopian tube into the bladder was misin- 
terpreted as carcinoma.’° 
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Papilloma of the Urinary Bladder 


Urothelial Papilloma 


The diagnosis of urothelial papilloma of the urinary bladder 
has been controversial.'~® Much of the difficulty in diagno- 
sis and acceptance of this lesion is based on varying diag- 
nostic criteria. Some authors believe that papilloma should 
include the World Health Organization (WHO) grade 1 
urothelial carcinoma,’ but we, and most others, do not fol- 
low this suggestion.!:!°-!? If one employs restrictive diag- 
nostic criteria as recommended by the WHO (1973) and 
the International Society of Urologic Pathologists (ISUP; 
1998),!4 as we do, then this lesion is uncommon, repre- 
senting no more than 1% of papillary urothelial tumors. 13-15 
The posterior or lateral walls close to the ureteric orifices 
and the urethra are the most common locations. The male- 
to-female ratio is 1.9:1.!!!© Urothelial papilloma usually 
arises as a de novo or primary neoplasm, but may occa- 
sionally occur in patients with a known clinical history of 
bladder cancer as a secondary papilloma.!” 

The restrictive criteria for papilloma as defined by 
the WHO! include a small, usually solitary papillary 
lesion with one or more delicate fibrovascular cores lined 
by cytologically and architecturally normal urothelium 
(lacking hyperplastic changes) without mitotic figures 
(see also Chapter 9) (Figs. 5-1 to 5-6).!3 The papillary 
architecture varies from simple and small to complex 
and anastomosing, with primary and secondary budding. 
The fibrovascular cores contain loose delicate fibrous 
connective tissue that may be edematous or, uncommonly, 
contain dilated lymphatics, foamy macrophages, or chronic 
lymphoid inflammation. Cells maintain normal polarity. 
Mild cytologic atypia of the superficial cells, including 
vacuolization, multinucleation, eosinophilic syncytial 
metaplasia, moderate cytologic atypia, mucinous meta- 
plasia, or apocrine-like metaplasia, does not exclude the 
diagnosis of papilloma, particularly when accompanied by 
an inflammatory infiltrate (Fig. 5-7).!11214-18 

Papilloma by itself does not have the capacity to invade 
or metastasize.!? The clinical course in most patients is 
benign, with a very low recurrence rate (7.0% to 8.8%).1217 
Cheng and his colleagues reported the largest series (52 
patients) of urothelial papillomas using modern diagnos- 
tic criteria.!! With up to a 58-year followup (mean, 9.8 
years), only four patients (7.6%) developed recurrence. One 
other patient developed papillary urothelial neoplasm of low 
malignant potential (PUNLMP) (Ta WHO grade 1 papillary 
urothelial carcinoma) six years after the initial diagnosis of 
papilloma. None of these patients developed dysplasia, car- 
cinoma in situ, or invasive urothelial carcinoma or died 


Figure 5-1 Urothelial papilloma. (A) A single delicate 
elongate 1.1-cm-long papillary growth is present in the 
posterior wall of the bladder of a 51-year-old woman. (B) The 
urothelium is of normal thickness, with no cytologic atypia 
and an intact superficial cell layer. 


of bladder cancer.'! Recurrence may be predicted in the 
majority of cases with basal cell layer cytokeratin (CK) 5 
immunostaining or loss of CK20 immunoreactivity.?°7! It 
is likely that some of these recurrences result from under- 
diagnosed grade 1 or low grade carcinoma that was inter- 
preted as papilloma, owing to small or limited tissue sam- 
ples. Thus, papilloma is currently considered neoplastic, 
based on the potential for recurrence and the occasional 
association with subsequent progression to a higher grade 
(low grade carcinoma). In one study, urothelial papilloma 
accounted for 25% of papillary neoplasms of the bladder, 
considerably higher than other reported series, calling into 
question the apparently liberal diagnostic criteria for papil- 
loma in that report. As might be expected, 3.3% of patients 
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Figure 5-2 Urothelial papilloma. Solitary 1.5-cm-diameter 
papillary growth found in the bladder of a 45-year-old man. 
The urothelium is focally thickened due to tangential 
sectioning, but in most areas is of normal thickness (less than 
seven layers). 


Figure 5-3 Urothelial papilloma. 


developed higher grade lesions, and 4.4% died of urothelial 
carcinoma.!? In another study that probably overdiagnosed 
papilloma, additional papillary tumors arose in up to 73% 
of 100 patients followed for a minimum of 15 years; inva- 
sive carcinoma developed in up to 10% of patients.” 
Aggressive behavior was reported in a patient with urothe- 
lial papilloma who was on immunosuppressive therapy sec- 
ondary to a renal transplant.'? Urothelial papilloma usually 
occurred in patients with a mean age at diagnosis of 57 
years (range, 22 to 89 years).!! 

Urothelial papilloma is diploid and has a low prolifer- 
ation rate as measured by an immunohistochemical study 
with Ki67/MIB1 (mean 2.8%), similar to PUNLMP (mean, 
2.9%) and lower than the Ki67/MIB1 labeling index in 


) 24 


low grade carcinoma (mean, 4.6%).“* CK20 expression was 
identical to that in normal urothelium, present only in the 
superficial (umbrella) cells.2! No expression of p53 was 
observed in papilloma. Fibroblast growth factor receptor 3 
(FGFR3 ) mutations are present in 75% of cases of urothe- 
lial papillomas, similar to that of PUNLMP and low grade 
carcinoma.” 

The histopathologic features that are useful to distin- 
guish urothelial papilloma from noninvasive grade 1 urothe- 
lial carcinoma or PUNLMP are listed in Table 5-1 (see 
Chapter 9 for further discussion) (Fig. 5-8). The key dif- 
ference is the number of cell layers covering the papillae. 
The number of cell layers in urothealial papilloma is usu- 
ally between three and seven; however, in grade 1 urothe- 
lial carcinoma, it usually exceeds seven layers. Urothelial 
papilloma should also be distinguished from nephrogenic 
adenoma with a papillary growth pattern. Nephrogenic ade- 
noma is covered by a single cell layer (Fig. 5-9) and stains 
positively for PAX2 and PAX8. Ductal adenocarcinoma of 
the prostate should also be considered in the differential 
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Figure 5-7 Urothelial papilloma with nuclear atypia of the superficial cells. (A) A 2.0-cm-diameter papillary growth removed 
from the left bladder wall of a 47-year-old man. (B) Cytologic atypia is present but restricted to the superficial cells. 
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Table 5-1 Urothelial Papilloma Versus Modified Grade 1 Urothelial Carcinoma (Low Grade’) 


“Formerly, papillary urothelial neoplasm of low malignant potential (PUNLMP). See Chapter 9 for further discussion on grading of bladder cancer. 
In rare instances, superficial cells may be conspicuous and enlarged. 
“Some nuclear enlargement of superficial cells may be present. 


Ba a 
Figure 5-8 Urothelial papilloma (A) and grade | noninvasive papillary urothelial carcinoma (B). The key difference is the number 


of cell layers covering the papillae. Both are lined by normal-appearing urothelium; however, the thickness of cell layers in 
urothelial papilloma is usually between three and seven. 
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Figure 5-9 Urothelial papilloma (A) and nephrogenic adenoma (B). The papillae of nephrogenic adenoma are covered by a 
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single cell layer. 
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B Ne, A A Ý ; 
Figure 5-10 Prostatic adenocarcinoma, ductal type 

(A and B). Ductal adenocarcinoma of the prostate may also 
mimic urothelial papilloma. Immunostaining for 
prostate-specific antigen confirms the diagnosis (B). 


diagnosis. Immunostaining for prostate-specific antigen is 
positive in ductal prostatic adenocarcinoma (Fig. 5-10). 


Diffuse Papillomatosis 


This rare lesion is characterized by replacement of most or 
all of the bladder mucosa by delicate papillary processes, 
creating a “velvety” cystoscopic appearance.7° The papil- 
lae are covered by urothelium that is indistinguishable from 
normal mucosa or may have slight cytologic changes. His- 
tologically, there is a proliferation of small papillae covered 
by cells with conspicuous eosinophilic cytoplasm, minimal 
or no architectural distortion, little or mild nuclear atypia, 
and no mitotic figures (Figs. 5-11 to 5-13). These lesions 
are occasionally focal,!° and may be seen in the followup 
biopsies of patients with a known clinical history of bladder 
papillary tumors. The malignant potential of this lesion is 
uncertain. 


Figure 5-11 Diffuse papillomatosis. (A) Multiple minute 
papillary excrescences identified in the posterior wall of the 
bladder of a 46-year-old man. (B) The urothelium is invariably 
less than seven cells in thickness, with no cytologic atypia. 


Figure 5-12 Diffuse papillomatosis. 


Inverted Papilloma 


Inverted papilloma, diagnosed according to strictly defined 
criteria, is a benign urothelial neoplasm not related to 
urothelial carcinoma.”” Hematuria or obstructive symptoms 
are a common presentation, and less than 1% of cases 
recur.” 
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Figure 5-13 Diffuse papillomatosis. 


Inverted papilloma applies to a benign urothelial tumor 
that has an inverted growth pattern with normal to minimal 
cytologic atypia of the cells.7’~3? Most cases are solitary 
nodular or sessile lesions, smaller than 3 cm, and arise in 
the bladder trigone but can also be found along the urinary 
tract. Microscopically, inverted papilloma has a smooth sur- 
face covered by normal urothelium, and endophytic cords 
of urothelial cells invaginating extensively from the surface 
urothelium into the subjacent lamina propria but not into 
the muscularis propria wall (Figs. 5-14 to 5-16). Trabec- 
ular and glandular patterns have been described. Foci of 
nonkeratinizing squamous metaplasia and neuroendocrine 
differentiation have been reported. Focal minor cytological 
atypia may be present, but mitotic figures are not seen or 
are very rare. 

Recent studies indicate that inverted papilloma is a 
monoclonal process; however, the low incidence of loss of 
heterozygosity supports the view that inverted papilloma 
in urinary bladder is a benign neoplasm with molecular 
genetic abnormalities different from those of urothelial 
carcinoma.”*33 

See Chapter 17 for further discussion. 


Squamous Papilloma 


Squamous cell papilloma is a rare benign neoplasm; 
presumably the squamous counterpart of urothelial 
papilloma.'*+ It is unrelated to human papillomavirus 
(HPV) infection. It occurs in elderly women and follows 
a benign clinical course with infrequent recurrence. Histo- 
logically, it is composed of papillary cores with overlying 
benign squamous epithelium (Figs. 5-17 and 5-18). It is 
diploid, with no or minimal p53 nuclear accumulation, and 
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Figure 5-14 Inverted papilloma (A and B). 


Figure 5-15 Inverted papilloma. 
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Figure 5-18 Squamous papilloma of the bladder. 


Figure 5-19 Condyloma acuminata of the bladder (A and B). 


is HPV negative.*4 Some lesions demonstrate immunohis- 
tochemical expression of epidermal growth factor receptor 
(EGFR) protein.*° 

In the bladder or urethra, squamous papilloma has to 
be differentiated from condyloma acuminata (Fig. 5-19), 
an aneuploid lesion positive for HPV with increased p53 
and p16 nuclear accumulation. It should also be differen- 
tiated from papillary cystitis, a common reactive lesion in 
which the urothelium is occasionally replaced by metaplas- 
tic squamous epithelium. The uncommon verrucous type of 
squamous cell carcinoma rarely enters into the differential 
diagnosis. 1834 

See Chapter 14 for further discussion. 


Villous Adenoma and Tubulovillous 
Adenoma 


There are only a modest number of documented cases of 
villous adenoma, tubulovillous adenoma, and pure tubular 
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adenoma of the bladder, and these are histologically 
identical to their counterparts in the colon.*° As seen in 
the literature, the terminology of this lesion is somewhat 
variable, with similar lesions termed “tubulovillous ade- 
noma,” “villous tumor,” “villous metaplasia of intestinal 
type with dysplasia,” “papillary adenocarcinoma in situ,” 
and others.*°-43 This lesion is more common in the 
urachus.** Patients usually present with hematuria and/or 
irritative symptoms.*°*° Tumors appear cystoscopically 
as exophytic papillary masses. Villous adenoma of the 
urinary bladder is more common in men than in women 
(3:1 ratio), presenting in patients between 52 and 79 years 
of age (mean age, 65 years)*°4° and occurring most 
frequently in the bladder dome and trigone. 

Light microscopic examination shows morphologic sim- 
ilarity to its colonic counterpart. The tumor is composed 
of pointed or blunt finger-like processes lined by pseudos- 
tratified columnar epithelium (Figs. 5-20 to 5-22). Papillary 
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Figure 5-20 Villous adenoma of the bladder. 


Figure 5-22 Tubulovillous adenoma of the bladder 
(A and B). 


fronds are covered by columnar mucus-secreting epithelium 
with goblet cells. The epithelial cells display nuclear strat- 
ification, nuclear crowding, nuclear hyperchromasia, and 
occasional prominent nucleoli and mitotic figures. Neuroen- 
docrine cells may be present.?® 
A confounding histologic feature is the uncommon 
Ko = finding of lakes of extravasated mucin in the stroma, 
Figure 5-21 Tubulovillous adenoma of the bladder. raising the possibility of invasion.“ However, acellular 
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pools of mucin are not considered definitive evidence 
of malignancy at this site. Some cases are associated 
with invasive urothelial carcinoma of the bladder or 
adenocarcinoma.*©394148 

The differential diagnosis of villous adenoma includes 
florid intestinal-type cystitis glandularis (polypoid cystitis 
glandularis), well-differentiated adenocarcinoma, adenocar- 
cinoma in situ, papillary urothelial carcinoma with glan- 
dular differentiation, ectopic prostate tissue with cytologic 
abnormalities, and the recently described villous-like papil- 
lary urothelial carcinoma.*?*° Adenocarcinoma with villous 
architecture occurs rarely in the urinary bladder, usually 
with severe anaplasia of the pseudostratified epithelium and 
invasion of the underlying stroma. Villous adenoma may 
coexist with adenocarcinoma in situ and invasive adenocar- 
cinoma; therefore, the entire specimen should be submitted 
for pathologic examination to exclude the presence of inva- 
sive tumor. 

Differentiation of villous adenoma with coexistent 
adenocarcinoma in the urinary tract from secondary 
involvement by colonic cancer may be impossible on 
morphologic grounds alone.*°°! Because of limited 
sampling, the biopsy specimen may show only changes 
of villous adenoma. The difficulty in orienting fragments 
of tissue removed by transurethral resection is another 
confounding factor. Accordingly, a diagnosis of villous 
adenoma of the urinary tract should be made only after 
adequate tissue sampling and exclusion of secondary 
involvement from a primary site. Similarly, secondary 
involvement from other primary sites, such as the prostate 
gland and the female genital tract, should be considered 
in the differential diagnosis. Prostate-specific membrane 
antigen is less specific than prostate-specific antigen 
for establishing prostatic origin, and may be positive in 
villous adenoma. Young and Johnston reported a case of 
serous adenocarcinoma of the uterus mimicking primary 
bladder adenocarcinoma. The papillary and glandular 
patterns of growth closely resemble those of primary 
neoplasm of the bladder. Cancer involving the bladder 
secondarily tends to invade deeply into the muscularis 
propria and may be preceded by symptoms related to 
the primary cancer. Relevant clinical history is important 
in establishing accurate diagnosis. Noninvasive urothe- 
lial carcinoma with glandular differentiation typically 
lacks the villous finger-like projection seen in villous 
adenoma.™* 

The immunohistochemical profile of these lesions is 
remarkable for positivity with CK20 (100% of cases), 
CK7 (56%), and carcinoembryonic antigen (89%), sug- 
gesting limited utility in the differentiation of primary 
villous adenoma from secondary involvement of colonic 
adenocarcinoma.’ Acid mucin has been demonstrated 
in 78% of cases with Alcian blue/periodic acid—Schiff 
stain. Dasl, a marker found on colonic epithelium and 


primary adenocarcinomas of the bladder and urachus, is 
expressed in 80% of cases of villous adenoma.*? Normal 
and neoplastic urothelium do not express the mAbDas1 
epitope. 

Patients with isolated villous adenoma have an excel- 
lent prognosis. Transurethral resection of the bladder is the 
treatment of choice, resulting in no reported recurrences. 
Recurrent or invasive adenocarcinoma did not develop in 
any patient with isolated villous adenoma during a mean 
followup of 9.9 years.*° However, rare patients with coex- 
istent adenocarcinoma may experience recurrence or distant 
metastasis.°?>> 

Villous and tubulovillous adenomas of the bladder are 
rare. Secondary involvement by ductal adenocarcinoma of 
the prostate should always be considered in the differential 
diagnosis (Fig. 5-23). 


2 ode | 
Figure 5-23 Ductal adenocarcinoma of the prostate (A) with 
positive prostate-specific antigen immunostaining (B). 
Involvement of the bladder by prostatic adenocarcinoma is far 


more common than villous adenoma of the bladder. It should 
always be in the differential consideration. 
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Figure 5-24 Tubulovillous adenoma of the urachus (A and B). 


Urachal Adenoma 


Urachal adenoma is rare (see also Chapter 
24), 15:36-43,45,46.48,56-59 Tt occurs most often in the 
lower one-third of the urachus and involves the bladder 
wall.>’ Macroscopically, adenoma is cystic and may be 
multilocular, varying in size from 1 to 8 cm in diameter. 
The cysts are often filled with mucus, and mucinuria is 
a characteristic finding.°° Microscopically, the epithelium 
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Flat Urothelial Lesions with Atypia and Urothelial Dysplasia 


The classification of nonpapillary (flat) intraepithelial 
lesions and conditions of the urothelium has evolved over 
the years and was recently redefined at the International 
Consultation on the Diagnosis of Noninvasive Urothelial 
Neoplasms held in Ancona, Italy in 2001 (Table 6-1).! This 
classification includes epithelial abnormalities (reactive 
urothelial atypia and flat urothelial hyperplasia), presumed 
preneoplastic lesions and conditions (keratinizing squa- 
mous and glandular metaplasia, and malignancy-associated 
cellular changes), and preneoplastic (dysplasia) and neo- 
plastic noninvasive [carcinoma in situ (CIS)] lesions.!~!° 
Each of these lesions is defined with strict morphological 
criteria in order to provide more accurate information to 
urologists in managing patients. Flat urothelial lesions with 
atypia include reactive urothelial atypia, atypia of unknown 
significance, and urothelial dysplasia and urothelial CIS. 
Reactive urothelial atypia is a benign condition. The term 
“atypia of unknown significance” should be avoided in 
surgical pathology reporting (other than in cytology). 
We recommend use of the terms “dysplasia” and “CIS” 
to describe flat lesions with atypia that have biologic 
potential to progress to invasive disease.!>°8-!! Grading 
and subclassification of dysplasia are not recommended. 


Reactive Urothelial Atypia 


Urothelial abnormalities whose architectural and cytologic 
changes are of lesser degree than those of dysplasia have 
often been termed “atypia,”'!! a term that is, by its very 
nature, nonspecific. The intra- and interobserver variation 
in recognition and interpretation of “urothelial atypia” is 
substantial. Nevertheless, the term “atypia” is still in use at 
many institutions. 


Table 6-1 Classification of Flat Urothelial Lesions of the 
Urinary Bladder Based on the Ancona International 
Consultation 


Flat urothelial hyperplasia 
Reactive urothelial atypia 


Presumed preneoplastic lesions and conditions 
Keratinizing squamous metaplasia 
Intestinal metaplasia 
Malignancy associated cellular changes 


Preneoplastic lesions 
Dysplasia 


Neoplastic noninvasive lesion 
Urothelial carcinoma in situ 


Source: Modified from Ref. 1. 
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Reactive urothelial atypia is characterized by mild 
nuclear abnormalities occurring in acutely or chronically 
inflamed urothelium (Figs. 6-1 and 6-2). Most patients 
with reactive atypia have a history of cystitis, infection, 
stones, instrumentation, or prior treatments (Fig. 6-3) 
and present with hematuria and/or irritative symptoms, 
including frequency, urgency, and dysuria. Under cys- 
toscopic evaluation, the urothelium appears abnormally 
erythematous or inflamed.* 

Microscopically, the urothelium may be normal or 
slightly thickened, but it still maintains orderly maturation 
from basal to superficial cells (Table 6-2). Frequently, the 
cells are enlarged and have abundant cytoplasm. Nuclei 
are uniformly enlarged, vesicular, and may have prominent 
nucleoli. Overall nuclear polarity is maintained. There 
may be frequent mitoses involving the lower layers of 
the urothelium (Figs. 6-4 and 6-5). The cells are often 
larger than normal, with more abundant cytoplasm than 
that of normal urothelial cells. These features occasionally 
impart a squamoid appearance. The lamina propria is 
typically inflamed, and inflammatory cells often extend 
into the mucosa. In the absence of nuclear hyperchromasia, 
pleomorphism, or coarse chromatin pattern, reactive 
atypia should not be considered dysplastic. One caveat is 
that reactive atypia may coexist with dysplasia or CIS. 
Cytokeratin (CK)20, CD44, and p53 immunohistochemical 
stains may be particularly useful from a differential 
diagnosis perspective (see “Urothelial Dysplasia” section) 
(Table 6-3).®:!2.13 

Clinical studies of patients with reactive atypia are lim- 
ited. Cheng et al. studied 25 patients with reactive atypia 
and a mean followup of 3.7 years and found that none of the 
patients developed dysplasia, CIS, or urothelial carcinoma 
(Table 6-4).* Reactive urothelial atypia is not a premalig- 
nant lesion and is currently placed under benign urothelial 
abnormalities. !? 


Atypia of Unknown Significance 


“Atypia of unknown significance” is a descriptive term 
used when there is uncertainty whether the changes 
are reactive or preneoplastic in nature.'* It has been 
proposed as a diagnosis to encompass lesions with nuclear 
abnormalities similar to those of reactive changes (fewer 
than those of dysplasia), but out of proportion to the 
degree of inflammation. Patients with atypia of unknown 
significance usually present with hematuria or irritative 
symptoms.* In contrast to reactive atypia, patients with 
atypia of unknown significance often have a previous 
diagnosis of urothelial dysplasia or have undergone various 
types of treatment, such as intravesical chemotherapy or 
radiotherapy.!*-!5 
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Figure 6-1 Reactive urothelial atypia (A to D). 


ing and loss of polarity and crowding of the mucosal cells, but 
they are relatively uniform in size and show maturation at the 
surface. Figure 6-3 Reactive urothelial atypia after radiation therapy. 
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Table 6-2 Morphologic Features of Flat Urothelial Lesions 


Flat (Simple) Reactive Atypia of 
Normal Urothelial Urothelial Unknown Urothelial 
Urothelium Hyperplasia Atypia Significance Dysplasia 
Architecture 
Cell layers 4-7 10 or more Normal to mildly Normal to mildly Usually normal, but may 
thickened thickened be increased or 
decreased 
Organization of Maturation from Normal Normal Normal Lack of maturation in 
cells basal to basal and 
superficial cell intermediate cell 
layer layers (not full 
thickness) 
Cytology 
Nuclear size Small Normal May be mildly May be mildly Variable 
enlarged enlarged 
Nuclear shape Round to oval Normal Normal Normal Variable 
Nuclear Smooth Normal Vesicular Vesicular Coarse 
chromatin 
Nucleoli Absent Absent Prominent Prominent Inconspicuous 
Mitoses Absent Absent Present in lower Present in lower Variable 
layers layers 
Umbrella cells Present Present Present Present Present 


Figure 6-4 Reactive urothelial atypia. Note the mitotic figures 
in the lower portion of the urothelium. 


Microscopically, one sees inflammation of the lamina 
propria and variable degrees of nuclear atypia (Fig. 6-6). 
The severity of nuclear atypia, however, is disproportionate 
to the extent of inflammation. Atypia of unknown signifi- 
cance may be difficult to distinguish from dysplasia. This 
distinction is critical because of important therapeutic and 
prognostic implications. In difficult cases, discriminatory 
immunohistochemical staining may be helpful.®!3-!6—!8 


Overall, CK20 and CD44 appear to be the most useful 
objective markers for distinguishing atypia of unknown 
significance from dysplasia (Table 6-3). As mentioned 
earlier, CK20 expression is normally limited to the 
superficial umbrella cells. In contrast, CK20 expression 
in the deeper mucosal layers is characteristic of atypia 
of unknown significance.!’ Reactive urothelium typically 
shows staining with CD44 in a diffuse membranous 
full-thickness pattern or with patchy basal and intermediate 
cell expression. This is in contrast to the absence of CD44 
staining in dysplasia. It is important to note that these 
staining patterns are not absolute. Therefore, caution must 
be exercised when interpreting them, and correlation with 
morphology is critical. 

Atypia of unknown significance is not associated 
with adverse outcomes and may reasonably be combined 
diagnostically with reactive changes. Currently, there is no 
evidence supporting premalignant potential of atypia of 
unknown significance. Of the 35 patients with atypia of 
unknown significance and a mean followup of 3.7 years, 
Cheng et al. found that none progressed to dysplasia, 
CIS, or urothelial carcinoma (Table 6-4).* Because the 
diagnosis of atypia of unknown significance appears to 
be of little value clinically, use of this term is strongly 
discouraged.!+8 
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Figure 6-5 Reactive urothelial atypia (A and B). Despite mucosal thickening and the presence of mitotic figures, this lesion is still 
within the spectrum of reactive changes. The cells are relatively uniform in size and show maturation at the surface. Note the 
presence of intraepithelial neutrophils. 


Table 6-3 Immunohistochemical Features of Flat Urothelial Lesions 


Normal Flat (Simple) Reactive Atypia of Urothelial 
Urothelium Urothelial Hyperplasia Urothelial Atypia Unknown Significance Dysplasia 
Markers 
CK20 Limited to umbrella Limited to umbrella cells Limited to umbrella Limited to umbrella cells | Deep layers 
cells cells 
CD44 Limited to basal cells Limited to basal cells Increased reactivity Increased reactivity in Absent 
in all cell layers all cell layers 
p53 Absent Absent Absent Absent Positive 


Table 6-4 Clinical Findings of Patients with Reactive Atypia, Atypia of Unknown Significance, and Dysplasia of the 
Urinary Bladder 


Characteristics Reactive Atypia (n = 25) Atypia of Unknown Significance (n = 35) Dysplasia (n = 26) 
Mean age (range), years 66 (39-88) 64 (24-80) 69 (50-85) 
Male-to-female ratio 4:1 Dell 4:1 
Major symptoms Hematuria or irritative Hematuria or irritative symptoms Hematuria or irritative 
symptoms symptoms 
Major cystoscopic Erythematous/inflamed Erythematous/inflamed or suspicious Erythematous/inflamed or 
findings or suspicious for for tumor suspicious for tumor 
tumor 
Mean followup (range), 3.6 (0.1-9.9) 3.7 (0.2-11.4) 3.9 (0.1-13.4) 
years 
Clinical outcome No adverse outcome? No adverse outcome? 15% developed 


biopsy-proven cancer 
progression 


Source: Modified from Ref. 4; with permission. 
*None developed dysplasia, carcinoma in situ, or urothelial carcinoma. 
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Figure 6-6 Urothelial atypia, favor reactive changes. 
Although considered dysplastic by multiple observers, this 
focus has many features of partial involvement by immature 
squamous metaplasia. Some investigators may consider this 
“atypia of unknown significance,” although we discourage 
the use of “atypia of unknown significance” in surgical 
specimens. The diagnostic term “atypia of unknown 
significance” is used more appropriately in cytology 
specimens. 


Urothelial Dysplasia 


The difficulty in standardizing nomenclature for urothe- 
lial cytologic abnormalities is compounded by the 
lack of reproducibility in classification and grading. 
(Table 6-5).142-11.19-32 Some investigators have catego- 
rized urothelial dysplasia into mild, moderate, and severe 
dysplasia in the past. CIS and high grade dysplasia are 
considered synonymous by most but not all investigators,°* 
as there are no apparent distinguishing histologic features, 
and there is a relatively high level of agreement for 
these lesions. However, separation of epithelial changes 
with fewer cytologic and architectural abnormalities than 
CIS, such as intermediate (moderate)- and low grade 
dysplasia is difficult, and the morphologic continuum does 
not provide any absolute features that allow unequivocal 
separation. Some authors propose categories of reactive 
atypia and dysplasia, culminating in the final preinvasive 
stage of CIS; others suggest a two- or four-tiered system. 
One group lumped all neoplastic epithelial lesions into 
the category of CIS, apparently in response to the clinical 
and biologic uncertainty of these changes, whereas others 
graded CIS as 1, 2, or 3. Some authors preferred the 
terms “low grade intraurothelial neoplasia” and “high 
grade intraurothelial neoplasia” to dysplasia and CIS, 
respectively. The histologic criteria for distinguishing 
severe dysplasia from CIS are unreliable. It is also difficult 
to distinguish mild dysplasia from moderate dysplasia. 
Recognizing these limitations, it is recommended that 
severe dysplasia and CIS be combined into a single 


category.!* It is also recommended that dysplasia not be 
further subclassified into mild or moderate dysplasia. 

Urothelial dysplasia is defined as abnormal urothelium 
with cytologic and architectural changes that do not meet all 
the criteria for an unequivocal diagnosis of urothelial CIS 
(Figs. 6-7 to 6-12).° Dysplasia represents an early mor- 
phologic manifestation of progressive alterations between 
normal urothelium and CIS. The thickness of dysplastic 
urothelium is usually normal, but it may be increased or 
decreased. Superficial umbrella cells are usually present, 
and most of the cytologic changes are restricted to the 
intermediate and basal cells (i.e., less than full-thickness 
atypia as frequently seen in CIS). The overall appearance 
is that of the urothelium in low grade papillary urothelial 
carcinoma.*+!2 

The cytologic abnormalities in urothelial dysplasia 
include nuclear and nucleolar enlargement, nuclear hyper- 
chromasia and coarse chromatin, variation in nuclear 
shape, nuclear membrane irregularity, and notching of the 
chromatinic rim. However, there is no significant nuclear 
pleomorphism as seen in CIS. Nucleoli are usually small 
and inconspicuous, but may occasionally be enlarged. Loss 
of nuclear polarity is one of the earliest changes observed 
in neoplasia.** Loss of nuclear polarity in urothelial 
dysplasia is evidenced by crowding and nuclei with the 
long axis parallel to the basement membrane. Normal 
cytoplasmic clearing may be lost. Mitotic figures are 
usually absent; if present, usually only the basal layers, are 
involved. CK20 and p53 immunostains typically highlight 
the dysplastic cells (Table 6-3). 

The lamina propria is usually normal, in contrast to 
atypia of unknown significance and urothelial CIS (see also 
Chapter 7), although it may contain scattered inflammatory 
cells and demonstrate increased neovascularity. The transi- 
tion from normal urothelium to dysplasia is usually subtle, 
and dysplastic urothelial cells may show pagetoid spread in 
normal urothelium. 

The main differential consideration for urothelial dys- 
plasia is with reactive atypia and urothelial CIS (see also 
Chapter 7). Distinction may be particularly challenging in 
patients previously treated for CIS. Nuclear and architec- 
tural features are the primary criteria for distinguishing dys- 
plasia from reactive atypia and urothelial CIS. Immunohis- 
tochemical stains such as CK20, CD44, p53, and Ki67 may 
be helpful (Table 6-3).8:!3-!-!8 As mentioned earlier, CK20 
expression is restricted to the umbrella cells in normal 
urothelium. In dysplasia, aberrant CK20 expression is seen 
in the deeper layers of the urothelium (Figs. 6-13 and 6-14). 
Increased reactivity of CD44 in all layers of the urothelium 
is more commonly seen in reactive atypia than in dyspla- 
sia. p53 immunostaining can also be helpful by highlighting 
dysplastic cells (Fig. 6-15). A conservative approach with 
repeat cystoscopy and biopsy after the inflammation has 
resolved is recommended in equivocal cases. 
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Figure 6-7 Urothelial dysplasia. 
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Figure 6-8 Urothelial dysplasia. Despite cytologic changes, 
including enlargement and hyperchromasia, the urothelium 
maintains cellular polarity and maturation. Multiple observers 
felt that this focus was dysplastic and not reactive, due largely 
to the lack of coexistent inflammation. 


Figure 6-9 Urothelial dysplasia. 


Figure 6-11 Urothelial dysplasia. The changes seen here are 
considered to fall just short of the threshold for urothelial 
carcinoma in situ. 
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Figure 6-12 Urothelial dysplasia. The thickened urothelium 


is populated by dysplastic cells that are variable in size and 
shape. 
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Figure 6-15 Urothelial dysplasia (A and B). p53 stain 
highlights dysplastic cells (B). (From Ref. 7; with permission.) 


Another important differential diagnosis is the 
chemotherapy-related treatment effect. Systemic cyclophos- 
phamide treatment may produce large binucleate or 
multinucleate cells with enlarged bizarre nuclei. Because 
cyclophosphamide causes arrest of the cell cycle, there is 
both cellular and nuclear enlargement. Nucleoli in these 
cells may be single or double, with angulated edges (see 
also Chapters 2 and 24). Awareness of the clinical history 
is critical to avoid misdiagnosis. 

Clinically, dysplasia occurs in two distinct clinical 
settings: (1) de novo (primary or isolated) and (2) in 
patients with concurrent or previous urothelial neoplasms 
(secondary, concurrent). The true incidence of de novo 
dysplasia in the general population is unknown due to lack 
of large-scale screening studies and an inability to identify 
most cases cystoscopically. In an autopsy series of 313 
cases, Shirai et al.*° found dysplasia in 6.8% of males 
and 5.7% of females. Clinical followup information on 
Figure 6-14 Urothelial dysplasia (A and B) with aberrant patients with de novo dysplasia is limited as well.3436:37 
cytokeratin 20 expression (B). Cheng et al. studied 26 patients with primary dysplasia.* 


Flat Urothelial Lesions with Atypia and Urothelial Dysplasia 


Table 6-6 Progression of Primary Urothelial Dysplasia of the Bladder? 


Patient Clinical Endoscopic 
Age Gender Presentation Findings Cytology 
i zi F Irritative Erythematous Positive 
symptoms 
R 7 M Incidental Erythematous Negative 
3 74 M Hematuria Erythematous Not done 
4 79 M Incidental Erythematous Negative 
5 678 M Irritative Suspicious for Not done 
symptoms neoplasm 
6 54 M Irritative Suspicious for Not done 
symptoms neoplasm 
7 48 Ẹ Incidental Suspicious for Negative 


neoplasm 


Source: Modified from Ref. 3; with permission. 


Interval from 


Location of the Diagnosis to Location of 
Dysplasia Progression (years) Diagnosis? Cancer 
Posterior 1.0 Noninvasive Trigone 
wall papillary UC 
Dome 1.4 Urothelial CIS Posterior 
wall 
Vesical 12 Urothelial CIS; Trigone 
neck noninvasive osterior 
papillary UC wall 
Posterior 0.6 Urothelial CIS Posterior 
wall wall 
Posterior 8.0 Invasive UC Dome 
wall (stage T1) 
Right lateral DP Urothelial CIS; Unspecified 
wall invasive UC 
(stage T2) 
Base 3.0 Invasive UC Posterior 
(stage T1) wall 


*Seven of 36 cases of de novo urothelial dysplasia progressed during a mean followup of 8.2 years. 
Diagnosis of cancer recurrence/progression; CIS, carcinoma in situ; UC, urothelial carcinoma. 


Table 6-7 Clinical Outcomes of Patients with Atypical Urothelial Proliferations of the Urinary Bladder 


1998 WHO/ISUP Classification 


Reactive atypia 

Atypia of unknown significance 
Dysplasia 

Carcinoma in situ 


Source: Modified from Ref. 4; with permission. 


During a mean followup of 3.9 years, 15% developed 
biopsy-proven cancer, including CIS and high grade inva- 
sive carcinoma. In another study from a different patient 
cohort, Cheng et al. identified 36 patients with isolated 
urothelial dysplasia.* The patients ranged in age from 
25 to 79 years (mean, 60 years), and the male-to-female 
ratio was 2.6:1. Patients presented with urinary tract 
obstructive symptoms (11/36), hematuria (10/36), both 
(3/36), and incidental findings (1/36). Dysplasia had a 
predilection for the posterior wall. Seven patients (19%) 
developed biopsy-proven progression, including 11% 
with CIS and 8% with invasive cancer (mean followup, 
8.2 years) (Table 6-6). Mean time to progression was 
2.5 years (range, 0.5 to 8 years). These data indicate 
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Clinical Significance 


None developed dysplasia, carcinoma in situ, or urothelial carcinoma‘ 
None developed dysplasia, carcinoma in situ, or urothelial carcinoma* 
14-19% developed biopsy-proven progression 
74% 15-year cancer-specific surival®° 


4,60 


that isolated urothelial dysplasia was a significant risk 
factor for urothelial carcinoma (Table 6-7). Close clinical 
followup and regular cystoscopic examinations are recom- 
mended for patients with a diagnosis of de novo urothelial 
dysplasia. 

Dysplasia in the mucosa adjacent to papillary urothe- 
lial carcinoma (secondary dysplasia) is associated with an 
increased risk of recurrence and progression.7©78-4! In one 
study, 87% of patients with concomitant (secondary) dys- 
plasia developed recurrence, whereas only 26% of those 
without dysplasia recurred.*? Secondary dysplasia is more 
common than primary dysplasia and has a higher rate of 
progression to carcinoma than that of de novo dysplasia, 
with estimates ranging from 30% to 36%.° 


Flat Urothelial Lesions with Atypia and Urothelial Dysplasia 


Normal 
urothelium 


Dysplasia 


Invasive 
carcinoma 


Figure 6-16 Continuum from normal urothelium through dysplasia to carcinoma in situ (CIS), according to the 
disease-continuum concept. (A) Progression scheme; (B) normal urothelium; (C) urothelial dysplasia; (D) CIS. 


Molecular Alterations in Flat Lesions 


Urothelial carcinogenesis is thought to proceed through 
two distinct genetic pathways.!742-“ These two genetic 
pathways are associated with marked differences in genetic 
instability and correspond to the morphologically entities 
low grade noninvasive lesions and its precursors, on the 
one hand, and CIS and invasive carcinoma, on the other. 
The low grade pathway involves inactivation of cyclin- 
dependent kinase inhibitors, including p15, p16 (9p21), 
and p21 WAF/CIP1 in genetically stable premalignant and 
low grade tumors. In contrast, 17p13 (TP53)-mediated 
abnormalities occur in genetically unstable CIS (high 
grade intraurothelial neoplasia) and invasive carcinoma 
(Fig. 6-16). 

Studies of blood group isoantigen expression, nuclear 
morphometry, DNA ploidy, and molecular genetic alter- 
ations indicate that the findings in dysplasia are interme- 
diate between benign urothelium and CIS, as expected. 
Numerous deletions and genetic abnormalities occur in CIS, 


reflecting generalized genetic instability, whereas premalig- 
nant flat lesions and dysplasia show a low rate of gene 
deletions. DNA aneuploidy occurs in less than 50% of 
cases of dysplasia and low grade lesions, whereas CIS 
demonstrates DNA aneuploidy in more than 90% of cases. 
Genetic alterations can also be found in histologically nor- 
mal urothelium in bladder cancer patients, a change of 
uncertain significance.!+4-49 

Chromosome 9 abnormalities and mutations in the 
fibroblast growth factor receptor 3 gene (FGFR3) are 
common in low grade papillary tumors and its precur- 
sors. TP53 mutations, on the other hand, are frequent 
in CIS.’°°-°5 The small fraction of cases of dysplasia 
which harbor TP53 mutations suggests that dysplasia is a 
precursor of CIS in some cases. The timing of chromosome 
9 and p53 gene alterations during urothelial tumorigenesis 
may explain differences in the premalignant potential of 
flat lesions. Alterations in chromosome 9 may occur early 
in dysplasia, while p53 mutations occur in CIS. The p53 
gene product functions in cell cycle regulation at the G1/S 


109 


Flat Urothelial Lesions with Atypia and Urothelial Dysplasia 


checkpoint? and mutations in the TP53 gene prevent cell 
cycle arrest, leading to generalized genetic instability and 
possibly further genetic alterations. Inactivation of the p53 
gene in CIS may therefore explain the propensity of these 
lesions to progress to invasive carcinoma. 

Recent studies using whole-organ mapping sup- 
port the concepts of malignancy-associated cellu- 
lar changes (MACC) and field effect in urothelial 
carcinogenesis.”°°056°7 Majewski et al.°° identified a 
complex of genetic alterations involving chromosome 
regions 3q22—q24, 5q22-—q31, 9q21—q22, 10q26, 13q14, 
and 17p13 (“forerunner genes”) occurring prior to iden- 
tifiable phenotypic changes in bladders. They identified 
three waves of genetic “hits” involving morphologically 
normal mucosa and regions of evident dysplasia. It was 
proposed that the first wave involves allelic loss of RBZ 
(retinoblastoma gene) on 3q, resulting in plaque-like 
clonal expansion of morphologically normal urothelium 
in large patches.°? The second wave is associated with 
clonal expansion of cells showing the first morphologically 
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Urothelial Carcinoma in Situ 


Definition, Terminology, and Historical 
Perspective 


Carcinoma in situ (CIS) of the urinary bladder, also 
referred to as “urothelial carcinoma in situ” or “high grade 
intraurothelial neoplasia,” is defined by the replacement 
of part or all of the normal epithelium by cells that have 
microscopic—and now molecular—features of carcinoma, 
yet are confined to the epithelium (Fig. 7-1).!75 The 
number of cell layers in CIS may be increased, normal, or 
decreased. CIS is therefore a “flat” lesion, designated Tis 
according to the tumor, lymph node, and metastasis (TNM) 
pathologic staging. In contrast, noninvasive papillary 
urothelial carcinomas are considered Ta lesions. In many 
cases, an in situ carcinoma component is adjacent to or 
associated with invasive carcinoma. In such cases, the 
CIS is referred to as secondary. In the less common 
clinical scenario, invasive carcinoma is absent and CIS 
is associated with a lower grade intraurothelial lesion 
(dysplasia). These cases are referred to as primary CIS. 


Urothelial 
dysplasia 


Normal 


Figure 7-1 
and B). Formation of a papillary neoplasm may also occur. 


Although other types of carcinoma in situ, such as ade- 
nocarcinoma in situ and squamous cell CIS, have been 
described in the urinary bladder, they are somewhat con- 
troversial and far less common than urothelial CIS. Most 
investigators typically use the term “urothelial carcinoma 
in situ” and “carcinoma in situ” interchangeably. Urothe- 
lial CIS was traditionally referred to as transitional cell CIS, 
based on the premise that the urothelium has features inter- 
mediate or transitional between stratified squamous epithe- 
lium and pseudostratified columnar epithelium. In recent 
years, the term “urothelium” has been used increasingly to 
describe this specialized epithelium. 

In 1952, Melicow~®7 recognized the significance of 
examining the grossly normal bladder mucosa between 
exophytic tumors, in an attempt to explain the high 
recurrence rate of bladder cancer, even after extensive 
organ-preserving surgical treatment. Later that year, 
Melicow and Hollowell?*’ described CIS of the urinary 
system, referring to lesions “ whose gross features 
are inconspicuous and seemingly benign but whose 
microscopic picture is that of malignancy.” This concise 


Carcinoma 
in situ 


Diagrammatic representation of the evolution of invasive bladder cancer through a flat in situ phase (A 


description remains accurate today. Melamed et al.°-® 
first described the natural history of urothelial CIS and 
found that nine of 25 patients (36%) developed invasive 
carcinoma within five years after the initial diagnosis. 

Nomenclature for CIS has historically been somewhat 
confusing. In Melicow’s original papers, the terms “Bowen 
disease” and “intraurothelial cancer” are used somewhat 
interchangeably with CIS. Over the years, precancerous 
bladder lesions have been referred to by a variety of names, 
including dysplasia (mild, moderate, or severe), intraepithe- 
lial neoplasia (low or high grade), intraurothelial neoplasia 
(grade | or 2), atypical hyperplasia, and marked atypia (see 
Chapter 6 for additional discussion).°-* Urothelial carci- 
noma in situ and high grade intraurothelial neoplasia are 
indistinguishable and have been used interchangeably. To 
avoid miscommunication, we recommend use of the termi- 
nology “urothelial carcinoma in situ” in the reporting.*?~!° 

CIS exists in two settings: de novo or isolated CIS and 
secondary CIS associated with papillary urothelial carci- 
noma (see the discussion below). De novo or isolated CIS 
(often referred to as primary CIS) is less common, and 
accounts for approximately 10% of all CIS and 1% to 3% 
of bladder neoplasms.!°!7 


Clinical Features 


CIS usually occurs in elderly men and presents most fre- 
quently at 60 to 70 years of age. Clinical presentation often 
closely mimics that of interstitial cystitis. Symptoms typ- 
ically include gross and microscopic hematuria, irritative 
symptoms (dysuria, pain, and/or frequency), nocturia, and 
sterile pyuria.!8-?7 

Approximately 25% of patients are asymptomatic. 
In Cheng et al.’s study of 138 patients with CIS, 41% 
had macroscopic hematuria at presentation, 44% had 
microscopic hematuria, 49% had irritative symptoms, and 
26% were identified incidentally, reinforcing these clinical 
parameters.! Irritative symptoms may be particularly 
prominent when CIS is primary and diffusely present. 

Cystoscopically, detection and accurate assessment of 
flat lesions is difficult. In most cases, CIS appears as ery- 
thematous velvety or granular patches (Figs. 7-2 to 7-4), 
although it may be visually undetectable.*79" Characteris- 
tic lesions are sometimes described as a “red velvety patch,” 
although this finding is nonspecific. 

CIS is frequently multifocal. Two or more separate loca- 
tions are involved by CIS in 50% of cases, with a predilec- 
tion for the trigone, lateral wall, and dome of the bladder. 
Additional sites of multifocal involvement include distal 
ureters, prostatic urethra (20% to 67% of cases), prostatic 
ducts or acini (up to 40%), renal pelvis, and proximal 
ureters.> Mapping studies of cystectomy specimens show 


1—3,11,28 


Urothelial Carcinoma in Situ 


Figure 7-2 Urothelial carcinoma in situ. Cystoscopic (A), 
gross (B), and microscopic (C) appearance. Note the 
prominent vascular proliferations immediately below the 
basement membrane of urothelium (C). 
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Figure 7-3 Urothelial carcinoma in situ. Cystoscopic (A) and 
microscopic (B) appearance. At cystoscopy, the mucosa 
appears slightly raised (whitish area), focally reddish, and 
bleeds easily (A). (Photo courtesy of Dr. Koch.) 


extensive CIS, with involvement of the prostatic urethra 
and of the ureter in as many as 67% and 57% of cases, 
respectively.>!~*4 

Urothelial CIS has a high likelihood of progressing to 
invasive carcinoma if untreated, occurring in up to 83% of 
cases.!3!135-43 Cystectomy reveals foci of microinvasion 
in 34% of bladders with CIS, and muscle-invasive cancer 
in 9%. In a recent large series of 243 CIS patients treated 
with radical cystectomy from eight centers in the United 
States, Canada, and Europe, Tilki and colleagues found that 
36% of patients had cancer upstaged, including 11% of 
patients with extravesical (pT3 or higher) extension and 
5.8% of patients with lymph node metastasis. The five- 
year cancer-specific survival was 85%.*? In Cheng et al.’s 
study, the mean interval between a diagnosis of CIS and the 
detection of cancer progression is five years.! The actuarial 
progression-free survival, cancer-specific survival, and all- 
cause survival rates are 63%, 79%, and 55%, respectively, 
at 10 years and 59%, 74%, and 40%, respectively, at 15 
years (Fig. 7-5). 
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Figure 7-4 Urothelial CIS visualized by standard white-light 
cystoscopy (top) and fluorescence cystoscopy (bottom). Sharp 
(red) appearance of CIS lesion under fluorescence cystoscopy 
(bottom). These CIS lesions as shown may be difficult to 
detect using standard white-light cystoscopy (top). 
Hexaminolevulinate causes photoactive porphyrins to 
accumulate preferentially in rapidly proliferating tumor cells. 
These porphyrins emit red fluorescence when exposed to blue 
light. (Photo courtesy of Dr. Montironi.) 
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Figure 7-5 Kaplan-Meier survival curves for 138 patients 
with primary urothelial carcinoma in situ of the bladder. No 
patients had invasive urothelial carcinoma at the time of 
diagnosis. The numbers in parentheses represent the number 
of patients under observation at 5, 10, and 15 years. 
Progression was defined as development of invasive 
carcinoma, distant metastasis, or death from bladder cancer. 
(From Ref. 1; with permission.) 


Urothelial CIS is often associated with invasive carci- 
noma elsewhere in the bladder (referred to as secondary or 
concomitant CIS). The frequency of CIS increases with the 
grade and stage of the associated urothelial neoplasm. Up to 
24% of random biopsies from patients with Ta and T1 car- 
cinoma show epithelial abnormalities that include dysplasia 
and CIS. 

Patients with lower stage and higher grade tumors more 
commonly had CIS, and patients with involvement of the 
prostatic urethra by tumor were also more likely to have 
CIS.* Patients with coexisting invasive urothelial carci- 
noma have a higher risk of cancer progression and cancer- 
specific death than that of patients with primary CIS.!! 


Special Considerations 


Primary Versus Secondary Carcinoma in Situ 


Definitions of primary and secondary CIS vary somewhat 
in the pathologic and urologic literature. Takenaka et al.!6 
separated lesions into the following categories: (1) primary 
CIS, occurring without associated previous urothelial 
tumor; (2) concomitant CIS, occurring in conjunction 
with a newly diagnosed bladder tumor; and (3) secondary 
CIS, diagnosed during followup of a known bladder 
tumor, with or without a concomitant tumor at the time of 
CIS diagnosis. This convention was used by some other 
authors, and may be gaining in usage.!546-49 

In many cases, however, the terminology is less clearly 
defined, so “primary” and “secondary” refer presumptively 
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to the presence or absence of any current or past tumor. 
Admittedly, this is perhaps the most important distinction, 
since it appears to make little clinical difference whether 
CIS is related to a synchronous or metachronous primary 
tumor. Other synonyms are sometimes used, including “iso- 
lated,” “solitary,” and “concurrent” CIS, but the meaning 
of these is even less clearly defined than that of the terms 
above. !5:46-49 

Primary (de novo or isolated) CIS is uncommon, 
accounting for less than 10% of cases of CIS and 1% to 
3% of bladder tumors.4’~>! It occurs in the absence of 
other urothelial tumors, almost exclusively in men over 50 
years of age. Primary CIS has a lower risk of progression 
(28% vs. 59%) and death (7% vs. 45%) than that of 
secondary CIS.” However, a recent study of 476 CIS 
patients indicated that patients with primary CIS have a 
worse prognosis than that of patients with primary CIS.*” 
Cancer progression rate was 43% for patients with primary 
CIS compared to 32% for those with secondary CIS.*” 
Factors predictive of high risk of progression include mul- 
tifocality, coexistent bladder neoplasm, prostatic urethral 
involvement, and recurrence after treatment. 


Prostatic Ducts and Prostatic Urethra Involvement 


Patel and colleagues examined 308 patients who underwent 
radical cystoprostatectomy with whole-mount processing of 
the prostate component.** Of the 121 (39%) patients with 
prostatic urothelial carcinoma, 59 (49%) had dysplasia/CIS 
of the prostatic urethra and 20 (17%) had involvement of 
the prostatic ducts. The remaining patients had involvement 
by invasive urothelial carcinoma. Risk factors for overall 
prostatic involvement included a bladder tumor location in 
the trigone and associated bladder CIS by both univari- 
ate and multivariate analyses. Presence of bladder CIS was 
the sole risk factor associated specifically with nonstromal 
involvement (CIS/dysplasia of ducts/urethra).>? Similar to 
the tumor cell mobility seen in the bladder, the malignant 
cells may spread in a pagetoid fashion through the prostatic 
epithelium or undermine the epithelium of the prostatic 
ducts/acini, resulting in a layer of malignant cells sand- 
wiched between the basal cell layer and the epithelial layer. 

In the newly revised 2010 TNM staging system,*? 
subepithelial invasion of prostatic urethra will not consti- 
tute T4a staging status. T4a tumor is defined by prostatic 
stromal invasion directly from the bladder cancer. 


Histopathology and Diagnostic Criteria 


CIS is defined as a flat noninvasive neoplastic mucosal 
change of the urothelium with substantial cytologic and 
architectural abnormalities that lack papillary changes. 
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Figure 7-6 Urothelial carcinoma in situ (A and B). Note the 
velvety appearance of the carcinoma in situ. 


Grossly, the mucosa may range from unremarkable to 
erythematous velvety, granular patches, edematous, or 
eroded (Fig. 7-6); lesions may be found both near an 
invasive tumor and at a distance from it. The diagnosis 
of CIS requires the presence of severe cytologic atypia 
(nuclear anaplasia); full-thickness change is not essential, 
although it is usually present (Fig. 7-7). The cells of CIS 
may form a layer that is only one cell layer thick, of 
normal thickness (up to seven cells), or the thickness of 
hyperplasia (greater than seven cells) (Fig. 7-8). 
Prominent disorganization of cells is characteristic, with 
loss of polarity and cohesiveness. Superficial (umbrella) 
cells may be present except in areas of full-thickness abnor- 
mality. The tumor cells tend to be large and pleomorphic, 
with moderate to abundant cytoplasm, although they are 
sometimes small with a high nuclear-to-cytoplasmic ratio. 
The chromatin tends to be coarse and clumped. Morpho- 
metrically, the cells display increased nuclear area, nuclear 
perimeter, and maximum nuclear diameter. Nucleoli are 
usually large and prominent in at least some of the cells, 
and may be multiple. Mitotic figures are often seen in the 
uppermost urothelium, and may be atypical (Fig. 7-9). The 
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Figure 7-7 isn carcinoma in situ (A and B). Note the 


full-thickness involvement of the urothelium by the 
carcinoma in situ. 


adjacent mucosa often contains lesser degrees of cytologic 
abnormality. 

The small cell pattern of CIS is usually associated 
with an increased number of cell layers. In such cases, 
the cytoplasm is scant and nuclei are enlarged and hyper- 
chromatic, with coarse unevenly distributed chromatin; 
scattered prominent nucleoli are distorted and angulated. 
Mitotic figures are frequently present, often with abnormal 
forms. The cells are randomly oriented and disorganized, 
often with striking cellular dyscohesion that, in some 
cases, results in few or no recognizable epithelial cells on 
the surface, a condition referred to as denuding cystitis.>* 
Careful search of all residual mucosa is important in 
biopsies that have little or no mucosa in order to exclude 
the denuding cystitis of CIS. 

CIS is often associated with focal discontinuity of the 
basement membrane. Tissue edema, vascular ectasia, and 
proliferation of small capillaries are frequently observed 
in the lamina propria. There may be intense chronic 
inflammation in the superficial lamina propria in some 
cases, and vascular ectasia and proliferation of small 
capillaries is frequent. In denuded areas, residual CIS may 
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Figure 7-9 Urothelial carcinoma in situ (A and B). Note the 
atypical mitotic figures. 


involve von Brunn nests (Fig. 7-10). Rarely, CIS exhibits 
pagetoid growth, characterized by large single cells or 
small clusters of cells within otherwise normal urothelium, 
in squamous metaplasia, or within prostatic ducts.4854-56 
Individual cells showing pagetoid spread have enlarged 
nuclei with coarse chromatin, single or multiple nucleoli, 
and abundant pale to eosinophilic cytoplasm that is mucin 
negative. A careful search should be made for subepithelial 
invasion (microinvasion), often appearing as single cells or 
small nests of cells with retraction artifact. Microinvasion 
may be masked by chronic inflammation, denuded mucosa, 
or stromal fibrosis. 


Variants of Urothelial Carcinoma in Situ 


To avoid misdiagnosis, it is useful to recognize the 
histopathologic variants of urothelial CIS, such as large 
cell CIS, pagetoid CIS, and small cell CIS.*!> Nevertheless, 
Figure 7-8 Urothelial carcinoma in situ (A to D). Note the these variants connote no known prognostic differences. 
variable layers of carcinoma in situ. Morphologic grading has historically been applied to 
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Figure 7-10 Urothelial carcinoma in situ involves von Brunn 
nests. The overlying urothelium is denuded. 


Table 7-1 Variants of Urothelial Carcinoma in Situ (CIS) 


Large cell CIS 

Small cell CIS 

Denuding and “clinging pattern” CIS 
Pagetoid and undermining (lepedic) CIS 
CIS with squamous differentiation 

CIS with glandular differentiation 

CIS with micropapillary growth 

CIS with microinvasion 


CIS, but the current World Health Organization and 
International Society of Urologic Pathology (WHO/ISUP) 
classification system recognizes only two grades of atypia, 
defined as dysplasia and CIS. Each of these grades has 
been shown to have clinical prognostic importance. 

A number of morphologic variants and growth patterns 
of CIS have been recognized over the years (Table 7-1). 
Although it is not necessary to mention these specific 
growth patterns or morphologic variants in the surgical 
pathology report, awareness of the histologic diversity 
of CIS may aid in the diagnosis of this therapeutically 
and biologically important lesion.!°°’ These lesions may 
be associated with microinvasion, sometimes clinically 
unsuspected and histologically subtle.’ 


Large Cell Carcinoma in Situ 


Large cell CIS constitutes the most common morphologic 
form of this entity. Cytologic findings include nuclear 
pleomorphism, variably abundant cytoplasm, and anaplas- 
tic nuclear features (Fig. 7-11). In rare cases, large cell CIS 
may have minor nuclear pleomorphism but still exhibit 
architectural disarray. Rare cases of large cell CIS with 
pleomorphic giant cells have been reported as “giant cell” 
CIS (Fig. 7-12). 


Figure 7-11 Urothelial carcinoma in situ (A and B), large cell 
variant. Carcinoma in situ involving a thickened urothelium. 


Small Cell Carcinoma in Situ 


The small cell pattern refers to the size of the cells, may 
or may not coexist with small cell carcinoma, and is 
unrelated to neuroendocrine differentiation of CIS. In such 
cases, the pleomorphism is usually minimal; the cytoplasm 
is scant; and nuclei are enlarged and hyperchromatic, 
with coarse, unevenly distributed chromatin (Figs. 7-13 
and 7-14). The scattered prominent nucleoli are distorted 
and angulated. Recognition of the small cell pattern of 
CIS is important to avoid misdiagnosis of basal cell 
hyperplasia, which has been observed in patients treated 
with bacillus Calmette—Guérin (BCG). These show a small 
cell pattern but lack nuclear atypia or loss of polarity. 


Denuding and “Clinging Pattern” Carcinoma in Situ 


In some cases, the neoplastic urothelial cells are strikingly 
discohesive and undergo extensive exfoliation, with 
the result that biopsies may show only a few residual 
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Figure 7-12 Urothelial carcinoma in situ (CIS) with 

pleomorphic giant cells (“giant cell” CIS) (A and B). Bizarre 

hyperchromatic cells of CIS separating from the basement 

membrane; note the underlying chronic cystitis (A). 


carcinoma cells on the surface (“clinging CIS”) or no 
recognizable epithelial cells on the surface (denuding 
cystitis) (Figs. 7-15 and 7-16).58 In the clinging pattern 
of CIS, there is a patchy, usually single layer of atypical 
cells (Figs. 7-17 and 7-18). In mucosal biopsies entirely 
lacking surface epithelium, CIS may be present only in von 
Brunn nests. A careful search for CIS in deeper sections 
or in other submitted biopsy fragments is important, and 
a recommendation for evaluation of urine cytology for 
carcinoma cells is warranted. 


Pagetoid and Undermining (Lepidic) Carcinoma in Situ 


Another pattern of CIS, also referred to as cancerization of 
the urothelium, shows either pagetoid spread (clusters or 
isolated single cells) (Figs. 7-19 and 7-20) or undermin- 
ing or overriding of the normal urothelium (lepidic growth) 
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Figure 7-13 Urothelial carcinoma in situ (A and B), small 
cell variant. 
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cell variant. 
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Figure 7-16 Urothelial carcinoma in situ (A and B). Partially denuded urothelium; the remainder is lined by cells with marked 
cytologic abnormalities. 


Figure 7-17 Urothelial carcinoma in situ (A and B), denuding and clinging variant. Note the single cell invasion of the lamina 
propria by carcinoma in situ. 


variant. 


(Figs. 7-21 and 7-22).!>°’ CIS exhibiting pagetoid growth 
is characterized by large single cells or small clusters of 
cells within otherwise normal urothelium of ureter, urethra, 
prostatic ducts, or in areas of squamous metaplasia. Indi- 
vidual cells showing pagetoid spread have enlarged nuclei 
with coarse chromatin; frequently, the cytoplasm is clear. 
Pagetoid growth patterns can be found in up to 15% of 
CIS cases.! Most patients are male and their ages range 
from 31 to 78 years (mean, 64 years).!>°7 Pagetoid CIS is 
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Figure 7-19 Urothelial carcinoma in situ, pagetoid spread. 


usually a focal lesion and is easily overlooked. It occurs 
in a clinical and histological setting of conventional CIS 
with coexisting invasive urothelial carcinoma; such patients 
essentially have the same progression and survival rates 
as patients without pagetoid changes. In cases with exten- 
sive urothelial denudation, pagetoid CIS may be focally 
present in adjacent, otherwise normal-looking urothelium, 
thus alerting the surgical pathologist to search for additional 
CIS elsewhere in the bladder. 

Since primary extramammary Paget disease of the exter- 
nal genitalia and of the anal canal may extend to the blad- 
der, and conversely, some cases of pagetoid CIS of the 
bladder may extend to the urethra, ureter, and external 
genitalia, differentiating between these two entities repre- 
sents an important diagnostic and therapeutic challenge. 
A panel of immunostains, including cytokeratin (CK) 7, 
CK20, and thrombomodulin, may assist in differentiating 
pagetoid urothelial CIS from extramammary Paget disease, 
which is known to be CK7 positive and CK20 negative.!>*7 


Carcinoma in Situ with Squamous or Glandular 
Differentiation 


Rare cases of CIS may exhibit squamous differentiation 
characterized by intercellular bridges (Fig. 7-23). CIS with 
squamous features is most often observed in association 
with urothelial carcinoma, showing extensive squamous dif- 
ferentiation elsewhere in the bladder. 

A much less frequently encountered pattern is CIS with 
morphological and immunohistochemical (IHC) evidence 
of glandular differentiation (Fig. 7-24). Some authors refer 
to this as adenocarcinoma in situ; such lesions may show 
papillary, cribriform, or flat morphology. CIS involving 
cystitis glandularis (Fig. 7-25), cystitis cystica (Fig. 7-26), 
or von Brunn nests (Figs. 7-27 and 7-28) may be difficult 
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Figure 7-21 Urothelial carcinoma in situ with lepidic 
growth. 


spread. 


Figure 7-22 Urothelial carcinoma in situ with lepidic growth 
(A and B). 
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Figure 7-23 Urothelial carcinoma in situ with squamous Figure 7-26 Urothelial carcinoma in situ involving cystitis 
differentiation. cystica. 


Figure 7-24 Urothelial carcinoma in situ with glandular 
differentiation. Note the presence of goblet cells. 


Figure 7-25 Urothelial carcinoma in situ involving cystitis Figure 7-27 Urothelial carcinoma in situ involving von 
glandularis. Brunn nests (A and B). 
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Figure 7-29 Urothelial carcinoma in situ, micropapillary 
variant. 


Figure 7-28 Urothelial carcinoma in situ involving von 
Brunn nests (A and B). 


to distinguish from adenocarcinoma in situ in the absence 
of concurrent invasive adenocarcinoma. 

We consider urothelial carcinoma in situ with glandu- 
lar differentiation a rare variant of urothelial carcinoma in 
situ? Some of the lesions have been reported as ade- 
nocarcinoma in situ of the bladder® or, more recently, 
as noninvasive urothelial carcinoma of the bladder with 
glandular differentiation.°!°* None of the reported cases 
was associated with pure invasive adenocarcinoma or vil- 
lous adenoma, or developed these lesions on followup.>?~° 
Therefore, their status as a precursor for adenocarcinoma is 
questionable. 


Carcinoma in Situ with Micropapillary Growth 


Rarely, CIS may present with micropapillary growth. It - 
does not necessarily indicate the presence of micropapillary Figure 7-30 Urothelial carcinoma in situ (A and B), 
variant of urothelial carcinoma (Figs. 7-29 and 7-30). micropapillary variant. 


Urothelial Carcinoma in Situ 


Carcinoma in Situ with Microinvasion 


CIS with microinvasion was initially defined by Farrow 
and Utz as invasion into the lamina propria to a depth 
of 5 mm or less from the basement membrane.** In the 
original study by Farrow et al., cystectomy specimens 
with urothelial CIS were totally embedded.”>?° Of the 
70 cases studied, 24 contained microinvasion, and two 
patients died of cancer. A recent consensus conference 
suggested that cases with more than 20 cells measured 
from the stromal epithelial interface should be classified 
as fully invasive.!° Microinvasion appears as a direct 
extension in cords (tentacular), single cells, or single cells 
and clusters of cells (Figs. 7-31 and 7-32).!557-6 The 
clusters of cells may have a retraction artifact that mimics 
vascular invasion. Stromal response may be present, but 
in most cases is absent. In cases with a prominent stromal 
inflammatory response, the invasive neoplastic cells may be 
interspersed among lymphocytes, making them inconspic- 
uous. In these circumstances, IHC staining with antibodies 
against cytokeratins (such as AEI/AE3) exposes the 
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Figure 7-32 Urothelial carcinoma in situ with microinvasion 
and tentacular growth. It may be difficult to distinguish carci- 
noma in situ involving cystitis glandularis and von Brunn nests 
from true invasion. This tumor has finger-like projections in a 
desmoplastic stroma. Note the irregular-sized nests and loss of 
smooth contour of those nests. 
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Urothelial carcinoma in situ with microinvasion (A to D). 
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Table 7-2 Major Differential Diagnosis of Urothelial Carcinoma in Situ 


Reactive Atypia Hyperplasia Dysplasia Carcinoma in Situ 
Cell layers Variable >7 cells Variable Variable 
Polarization Slightly abnormal Normal Slightly abnormal Abnormal 
Cytoplasm Vacuolated Homogeneous Homogeneous Homogeneous 
Nuclear-to-cytoplasmic Normal or slightly Normal or slightly Slightly increased Increased 
ratio increased increased 
Nuclei 
Anisonucleosis Normal Normal Mild Moderate to severe 
Borders Regular/smooth Regular/smooth Notches/creases Pleomorphic 
Chromatin Fine/dusty Fine Slight hyperchromasia Coarse/hyperchromatic 
Chromatin Even Even Even Uneven 
distribution 
Nucleoli Large Small/absent Small/absent Large/prominent 
Mitotic figures Variable Absent Variable to rare Often 
Denudation Variable No No Variable 
Stromal microvascular Variable Variable Less prominent Prominent in some cases 
proliferation 
Cytokeratin 20 Surface Surface Surface and deeper layers Surface and deeper layers 


invading cells. It is important to keep in mind that blad- 
der lamina propria myofibroblasts can immunoreact with 
cytokeratin antibodies. 


Differential Diagnosis 


The main differential diagnoses include reactive atypia, 
flat urothelial hyperplasia, dysplasia, and therapy-induced 
changes (Table 7-2; see Chapters 2, 3, 6, and 24 for fur- 
ther discussion). Flat urothelial hyperplasia is characterized 
by an increase in the number of cell layers (usually, more 
than seven) without the hyperchromasia, nuclear membrane 
irregularities, or architectural disarray of carcinoma or 
CIS. There may be slight nuclear enlargement, but the 
nuclei of hyperplastic epithelium are of approximately 
uniform size. Flat urothelial hyperplasia is frequently seen 
in conjunction with low grade papillary urothelial tumors, 
as well as inflammatory disorders and lithiasis.!565 
Lesions classified as urothelial dysplasia are frequently 
observed in a context of known cancer diagnosis (sec- 
ondary dysplasia) or in conjunction with a noninvasive 
papillary neoplasm. Nevertheless, dysplasia is also some- 
times identified de novo (primary dysplasia) and has the 
potential to progress to neoplasia (see Chapter 6 for fur- 
ther discussion). Urothelial dysplasia includes a spectrum 
of cytologic and architectural abnormalities that do appear 
preneoplastic but are insufficient for the diagnosis of CIS.” 
There is nuclear enlargement and nucleolar prominence, 
nuclear membrane irregularity, and nuclear hyperchroma- 
sia. There may be nuclear crowding and architectural dis- 
turbance, including loss of polarity, but altogether to a lesser 
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degree than those of unequivocal CIS. The cytologic abnor- 
malities in urothelial dysplasia, characterized by cellular 
crowding, loss of orderly maturation, and loss of cellular 
polarity, are usually not present in the full thickness of the 
urothelium, although full-thickness involvement of abnor- 
mal cells is not required for the diagnosis of CIS. 

In reactive atypia, nuclear abnormalities are less than 
those of dysplasia or CIS, and these changes occur in con- 
junction with mucosal inflammation.*!> Thus, the nuclear 
aberrations of reactive atypia can reasonably be attributed to 
urothelial repair or regeneration. These cells have enlarged 
vesicular nuclei, prominent nucleoli, and abundant cyto- 
plasm, and their presence can often be correlated with a 
clinical setting of previous manipulation or irritation. 

Therapy-related atypia may follow many of the ther- 
apeutic modalities currently used for bladder carcinoma, 
and drugs used for other cancers can cause therapy-related 
changes that confound the diagnosis of flat urothelial 
lesions like CIS.!56667 Such cases may have markedly 
abnormal cytologic and histologic features in nonneoplastic 
urothelium. Thiotepa (triethylenethiophosphoramide) and 
mitomycin C, for example, may induce cell exfoliation 
and mucosal denudation, similar to denuding cystitis. After 
intravesical administration of these agents, umbrella cells 
become large, vacuolated, and multinucleated; prominent 
small nucleoli may be apparent within these enlarged 
nuclei. These findings may persist for weeks or months 
after discontinuation of treatment. 

Several agents are given systemically to treat neo- 
plastic and nonneoplastic disorders. Among these agents, 
cyclophosphamide is known to have severe effects on the 
bladder mucosa (Figs. 7-33 and 7-34; see also Chapter 
24). Systematic cyclophosphamide treatment may induce 


reactivation of polyomavirus infection, causing marked 
nuclear atypia in the surface urothelium. In rare cases, 
polyomavirus (BK virus) infection mimics carcinoma in 
situ in immunocompromised patients. 

Radiation therapy, similarly, causes urothelial cell 
enlargement, multinucleation, and vacuolization, with a 
normal nuclear-to-cytoplasmic ratio (Fig. 7-35). Hem- 
orrhage, fibrin deposition, and multinucleated stromal 
cells may create a tumor-like appearance in long-standing 
cases. There may even be nodules of squamoid epithelium 
pushing into the lamina propria without true infiltrative 
growth, 68 

Awareness of the therapy-induced changes noted above 
may assist the pathologist in avoiding a misdiagnosis of 
CIS. Unfortunately, the information needed is often not 
provided by the clinician when the diagnostic specimens 
are submitted for pathologic evaluation. 


Diagnostic and Predictive Biomarkers 


THC staining may be useful in differentiating CIS from 
reactive changes in difficult biopsy cases (see Chapters 
6 and 26 for further discussion). Normal urothelium typi- 
cally exhibits CK20 staining in only the umbrella cell layer 
and p53 staining primarily in the basal layer.!!2757-69-71 A 
pattern of CK20 and p53 positivity throughout the neoplas- 
tic urothelium combined with negative staining for CD44 
favors a diagnosis of CIS (Fig. 7-36).°’ The combination 
of triple staining with CK20, p53, and CD44 may be used 
to confirm cases of strongly favored CIS, primary CIS, or 
the less common patterns of undermining and pagetoid CIS 
(Fig. 7-37). In the reactive setting, the urothelium is often 
strongly positive for CD44 and lacks extensive staining for 
CK20 and p53. Mallofré and colleagues”? reported similar 
findings utilizing CK20 and p53 immunostaining, and pro- 
posed Ki67 as a third “positive marker” in the neoplastic 
urothelium of CIS. 

p53 is sometimes called “the guardian of the genome.” 
p53 is a cell cycle control protein that acts at the transition 
of G1 to S-phase, preventing cells with DNA damage from 
progressing, either by inducing apoptosis or by delaying 
the S-phase until DNA repair is accomplished. Deletions 
and mutations of p53 are implicated in a variety of tumors, 
so it is not surprising that high grade lesions, including 
CIS, are also associated with p53 abnormalities. Ick 
and colleagues’* demonstrated that following BCG therapy, 
cases of recurrent CIS with persistent p53 staining have 
an ominous prognosis, with 75% progressing to muscle- 
invasive disease over 2 to 6 months. Using a PCR tech- 
nique, Ecke and colleagues found TP53 mutation to be an 
independent prognostic factor for poor progression-free sur- 
vival in noninvasive bladder cancer. These authors suggest 
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Figure 7-33 Cyclophophamide (cytoxan)-induced urothelial 
atypia, mimicking carcinoma in situ. 


Figure 7-34 Cyclophophamide (cytoxan)-induced urothelial 
atypia, mimicking carcinoma in situ. 


carcinoma in situ. 
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Figure 7-36 Urothelial carcinoma in situ (A and B). Aberrant 
expression of cytokeratin 20 (B). In normal urothelium, 


cytokeratin 20 expression is limited to superficial cells. 


that TP53 mutation analysis may be useful for determin- 
ing treatment options for patients with high grade lesions.’> 
Although several authors have found similar adverse risk 
from p53 abnormalities, other studies have found negative 
results, leaving the overall predictive capacity of p53 some- 
what controversial. ”®77 

Shariat et al. found that p21 positivity by IHC was asso- 
ciated with bladder cancer recurrence and progression in 
patients with CIS and without muscle-invasive disease. Fur- 
thermore positive p21 and p53 staining was associated with 
increased risk of recurrence, progression, and mortality. 
Negative staining for both was associated with the best out- 
come. In cases where p53 was positive and p21 was nega- 
tive, the difference in outcome compared to double-negative 
patients was minimal and not statistically significant. This 
observation led the authors to propose an abrogating effect 
of normal p21 on the adverse effect of abnormal p53.78 

Loss of E-cadherin IHC staining in CIS seems, in some 
studies, to correlate with increased likelihood of recurrence, 
progression, and bladder cancer-specific death. This sug- 
gests a role for E-cadherin annulment in tumor cells sur- 
mounting cell-cell adhesion to develop invasion.’? Sun and 
Herrera found that E-cadherin is strongly expressed in CIS 
and that loss occurs only with invasion. Moreover, the loss 
of E-cadherin staining appeared to be in direct proportion 
to the depth of the invasion.*° 
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Figure 7-37 Urothelial carcinoma in situ (A and B). URO-3 
triple stain (B): CD44 (blue) is cytoplasmic, p53 (brown) is 
nuclear, and cytokeratin 20 (red) is cytoplasmic. 
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Prognosis 


Primary Carcinoma in Situ 


Although urothelial CIS is by definition a noninvasive 
lesion, it is, as discussed above, a precancerous lesion, 
with 20% to 83% of cases progressing to invasive car- 
cinoma (Fig. 7-38). There are relatively few studies 
of primary CIS (without concurrent or prior papillary 
tumor). In Cheng et al.’s 1999 study of 80 patients with 
primary CIS (mean followup 11 years), it was found 
that progression-free survival, cancer-specific survival, 
and all-cause survival were 54%, 72%, and 36%, respec- 
tively, at 15 years.! Similarly, in a study of 62 patients 
with CIS, Utz et al. found that 60% of those with CIS 
developed invasive carcinoma and 39% died of bladder 
carcinoma over a period of five years.** In Melamed’s 
early study, patients with CIS progressed to invasion over 
a median period of 26 to 33 months.® Short-term outcome 
appears favorable after cystectomy. Only six patients 
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Figure 7-38 Recurrent urothelial carcinoma in situ. (A) 
There is prominent granulomatous inflammation resulting 
from BCG therapy, but the carcinoma in situ (B) is resistant. 


(12%) developed metastatic disease among 52 patients 
with CIS only at cystectomy during a mean followup of 
37 months.!7 


Carcinoma in Situ with Noninvasive Bladder 
Carcinoma 


Cheng and colleagues found no significant difference in 
outcome between patients with isolated CIS and those with 
noninvasive papillary urothelial carcinoma (concurrent or 
prior) in addition to CIS.' This finding supports the hypoth- 
esis that CIS is a high grade lesion and the more worrisome 
of the two components. Examining the opposite relation- 
ship, a study by Shariat et al. demonstrated that concomitant 
CIS conferred a significant increase in risk of disease recur- 
rence after cystectomy in patients with nonmuscle-invasive 
bladder cancer (<pT2 stage) in univariate analysis.“ Simi- 
larly, bladder cancer-specific survival also decreased in the 
same population for patients with CIS (57%) compared to 
those without CIS (87.7%; P = 0.0198). 


Carcinoma in Situ with Invasive 
Bladder Carcinoma 


In patients with organ confined, muscle-invasive bladder 
carcinoma (pT2), the increased risk of disease recur- 
rence was maintained for patients with CIS in Shariat 
et al.’s study. However, the difference in bladder can- 
cer*hyphen;specific survival did not reach statistical 
significance between the groups with and without coex- 
isting CIS. For patients with pT3 stage tumors or higher 
(nonorgan confined), the study found no significant differ- 
ence in recurrence or survival related to concurrent CIS, 
suggesting that the invasive component has the greater 
impact on the overall prognosis.*° 


Multicentricity 


In the 1999 Cheng et al. study, there was no significant 
difference between patients with three or more CIS foci 
and those with only a single focus identified (Fig. 7-39).! 
However, Takenaka and colleagues found that patients 
with “extensive” CIS had a lower progression-free survival 
than that of patients with “limited” CIS.!° The distinction 
between extensive and limited disease was made on the 
basis of three or more positive biopsy sites out of six, 
although the number of sites biopsied was not uniform 
in this study. Other studies have found no significant 
differences between extensive and limited disease, similar 
to the Cheng et al. study. However, the discrepancy 
between results is interesting and warrants further investi- 
gation. An objective and formal system to determine the 
extent of disease would probably prove helpful for overall 
assessment of prognosis. 18? 


Figure 7-39 Multifocal urothelial carcinoma in situ in a 
gross specimen. 
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Upper Urinary Tract and Urethral Carcinoma in Situ 
Involvement 


CIS is an established risk factor for recurrence in the upper 
urinary tract (UUT) in patients treated for superficial (Ta, 
Tis, and T1) bladder cancer. In patients treated with radical 
cystectomy for invasive urothelial carcinoma, however, 
there is controversy as to whether the CIS risk burden for 
UUT neoplasia persists.*? In a series by Solsona et al., 
UUT recurrence after radical cystectomy was significantly 
higher in patients with CIS than those with muscle-invasive 
urothelial carcinoma.** However, other studies have found 
no association between the presence of bladder CIS and 
UUT recurrence.*?-8586 These conflicting findings may be 
related to the longer overall survival of patients with CIS 
only, since these patients had a longer life span during 
which an upper UUT cancer might develop.*? Similarly, 
some authors have suggested that primary bladder CIS 
may impart less risk of UUT neoplasia than secondary 
bladder CIS, whereas others have found no significant 
difference.®!87 

Although intraoperative frozen section analysis is fre- 
quently performed to assess the ureteral margins at the 
time of cystectomy, the literature suggests that routine per- 
formance is unnecessary. UUT recurrence indeed appears 
higher in patients with involved margins, but concomitant 
ureteral CIS is uncommon. Postcystectomy ureteral CIS 
is infrequently associated with local morbidity, and sig- 
nificance of the implications for clinical outcome are not 
clear 31:88:39 

In 1997, Tobisu et al. examined 52 patients who under- 
went radical cystoprostatectomy with simultaneous en 
bloc urethrectomy for bladder cancer.?? This included 21 
patients with diffuse primary CIS (with or without micro- 
scopic invasion). Of them, four (19%) had abnormalities 
of the anterior urethra, three with CIS in the bulbar urethra 
extending from the prostatic and membranous urethra, and 
one with severe dysplasia. Of the 10 patients with diffuse 
CIS in addition to nodular/papillary tumor, one had inva- 
sive urothelial carcinoma involving the corpus spongiosum 
of the penile urethra. These authors conclude that diffuse 
bladder CIS extending to the prostatic urethra is a risk 
factor for synchronous anterior urethra involvement.” 


Molecular Characteristics 


Noninvasive papillary tumors and CIS represent distinct 
entities with different frequencies of progression to invasive 
cancer (Fig. 7-40).7°!-* It is, therefore, fitting that they 
differ at the genetic level. In general, loss of heterozygosity 
(LOH) of chromosome 9 is reported more frequently in 
papillary tumors than in CIS, while the reverse is true for 
I gene mutation.?*°* However, Hartmann et al. found that 


many cases of CIS (86%) had significant chromosome 
9 abnormalities, calling this relationship into question. 
These investigators found that cases of moderate dysplasia 
were slightly less likely to exhibit chromosome 9 deletions 
(75%) than CIS or high grade dysplasia, supporting the 
notion that dysplasia is a precursor to CIS. In addition, they 
found by LOH studies and fluorescent in situ hybridization 
(FISH) that deletions of 17p13.1 at the TP53 locus were 
present in 84% of CIS cases and 53% of dysplasia cases, 


Figure 7-40 Morphologic progression from urothelial 
dysplasia to urothelial carcinoma in situ. (A) Normal 
urothelium; (B) urothelial dysplasia; (C) urothelial carcinoma 
in situ. 
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reinforcing the association between TP53 abnormalities 
and high grade lesions.” 

Hopman et al. propose that molecular differences exist 
between primary CIS (termed “isolated”) and secondary 
CIS (associated with a papillary tumor). In their study, 
chromosome 9 deletions were not present in cases of 
primary CIS and were frequently present in secondary CIS. 
This finding supports the hypothesis that TP53 mutations 
precede chromosome 9 aberrations in the progression 
from CIS to invasive cancer.’ In contrast, the Hartmann 
study did not identify differences between primary and 
secondary CIS, perhaps due to the limited total number of 
cases, a majority of which included concurrent papillary 
tumors.’ Zieger et al. have recently elucidated this issue 
further. They demonstrated gains of chromosome 5p 
only in CIS, whereas fibroblast growth factor receptor 
3 (FGFR3) mutations were identified only in papillary 
tumors. These findings suggest that noninvasive papillary- 
and CIS-type tumors originate along different pathways, 
merging in some cases with disease progression, as CIS 
eventually develops in some patients with papillary tumors. 
(see Chapters 6, 29, and 34 for further discussion). This 
proposed mechanistic pathway is also compatible with 
the findings of overlap between chromosome 9 and TP53 
abnormalities in CIS by some investigators.” 

Dyrskjgt and colleagues recently identified a multigene 
molecular classifier for CIS using microarray analysis, 
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Bladder Cancer: General Features 


Epidemiology and Risk Factors 


Worldwide, bladder cancer is the seventh most common 
cancer.! An average of 386,300 new cases of urinary blad- 
der cancer are diagnosed worldwide every year, accounting 
for 150,200 deaths.!~® In the United States, Canada, and the 
European Union, the urinary bladder is estimated to be the 
fourth leading site of new cancer diagnoses in men, follow- 
ing prostatic, pulmonary, and colorectal cancers.!* Bladder 
cancer is morphologically heterogeneous; more than 90% 
of bladder cancer cases are urothelial (transitional cell) 
carcinoma, whereas primary squamous cell carcinoma, ade- 
nocarcinoma, small cell carcinoma, and other tumors are 
less common.*.7~!° 

Bladder cancer presents mainly as nonmuscle invasive 
disease, which has a high recurrence of 50% to 70% 
with low progression rate in 15% to 25% of the patients 
(Fig. 8-1). The high recurrence rate and low aggressiveness 
of these tumors have resulted in close followup of patients. 
In the United States, the Medicare expenditure on patients 
with bladder cancer was higher than that of other cancers. 
Such high costs are due, in part, to the high propensity 
for recurrence and progression of bladder tumor. Early 
detection and identification of precursor lesions may reduce 
costs and may eventually lead to decreased morbidity and 
mortality.>-!° 

There are significant variations in incidence, morbid- 
ity, and mortality rates of bladder cancer in different 
countries and ethnic groups.>!°-!° The bladder cancer 
incidence is nearly twice as high in Caucasians than 
in African-Americans and has been increasing steadily 
for decades, but in some countries a decline has been 
observed recently. The mortality rate for bladder cancer 
is higher in female and African-American patients than 
in male and Caucasian patients. The higher mortality 
risk in African-American males and females is limited 
primarily to late-stage bladder cancer.! Mallin and col- 
leagues recently analyzed a large cohort of bladder cancer 
patients diagnosed in 1993 to 2007 from the National 
Cancer Database.'© There were 310,257 Caucasian male, 
102,345 Caucasian female, 13,313 African-American 
male, and 7439 African-American female patients. The 
male-to-female ratio was 3:1. African-American and 
female patients had a higher proportion of muscle-invasive 
tumors than those of Caucasian and male patients, and 
African-American patients had a larger proportion of 
higher grade tumors. Notably, African-American patients, 
especially African-American females, had higher stage and 
higher grade cancer throughout the 15-year study period 
(1993-1997).! Five-year relative survival for all stages 
did not differ significantly between 1993 to 1997 and 1998 
to 2002 in any race or gender group. Five-year survival 
rates were 58% for African-American female, 72% for 
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Figure 8-1 Early-stage bladder cancer (pTa). Cystoscopic (A), 
gross (B), and microscopic (C) appearance of papillary 
noninvasive urothelial carcinoma. (Photo courtesy of Dr. 
Koch.) 
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African-American male, 78% for Caucasian female, and 
84% for Caucasian male patients during the 1998—2002 
period.!6 

Bladder cancer in the United States occurs two to five 
times more frequently in men than in women. This has been 
attributed to different smoking habits and more prevalent 
occupational exposure in men than in women.*!!~!4!7.18 
Although bladder cancer is more common in men, the inci- 
dence of bladder cancer in women is increasing. 

Multiple risk factors have been linked to bladder 
cancer.!”-!3:!9 Exogenous factors such as tobacco smoking, 
occupational risk, and lifestyle exposure to carcinogens all 
play important roles. Smokers have two to four times the 
risk of urothelial cancer as that of the general population, 
and heavy smokers have five times the risk. Nevertheless, 
the specific urothelial carcinogens associated with smoking 
are still unknown. It is estimated that 20 years of smoking 
is needed for the development of bladder cancer, and the 
probability of this event is directly correlated with the 
lifetime number of cigarettes consumed. The relative risk 
of active smokers developing bladder cancer compared to 
never-smokers is 3: 1, and for previous smokers it is 1.9: 1. 
Although the exact mechanism by which tobacco causes 
bladder cancer is not known, many known carcinogens 
in cigarette smoke, such as acrolein, 4-aminobiphenyl, 
arylamine, and oxygen free radicals, have been implicated. 
Furthermore, increased duration, intensity of tobacco con- 
sumption, and degree of inhalation contribute significantly 
to cancer development. 

The beneficial effects of smoking cessation, on the 
other hand, include an almost immediate decline in the 
risk of bladder cancer. Continued smokers have a poorer 
recurrence-free survival rate than that of those who quit 
at the time of diagnosis. Occupational exposure to aniline 
dyes and aromatic amines, such as 2-naphthylamine and 
benzidine, are the second most prevalent risk factors for 
bladder cancer. Benzidine, the most carcinogenic aromatic 
amine, is used in dye production and as a hardener 
in the rubber industry. The degree of carcinogenesis 
due to occupational exposure varies with the degree of 
industrialization, but in heavily industrialized nations, 
occupational exposure may account for up to one-fourth of 
all urothelial cancers. The latency period between exposure 
and tumor development is usually prolonged. Occupational 
bladder cancer has also been observed in gas workers, 
painters, and hairdressers. Nutrition may also play a role. 
Vitamin A supplementation apparently reduces the risk of 
bladder cancer, while fried food and fat ingestion cause 
a risk increase. A high fluid intake reduced the risk of 
bladder cancer in one study, but this remains controversial. 
Epidemiologic studies in Taiwan and Chile have shown 
an increased risk for urothelial cancer in people whose 
drinking water has a high arsenic content. Other water 


contaminants with putative toxic effects on urothelium are 
also being investigated actively.!* 

Additional factors implicated in the development and 
progression of bladder cancer include analgesic use; uri- 
nary tract infections, whether bacterial, parasitic, fungal, 
or viral; urinary lithiasis; pelvic radiation; and chemothera- 
peutic agents such as cyclophosphamide. Although caffeine 
ingestion has been implicated as a risk factor for bladder 
cancer, risk estimates for this association decrease after con- 
trolling for concomitant tobacco use. Similarly, saccharin- 
containing artificial sweeteners induce bladder neoplasia 
in rats, but human epidemiological studies have failed to 
establish this relationship. There is a relationship between 
the parasite Bilharzia (schistosomiasis) and squamous cell 
cancer in the bladder, more frequently seen in the Middle 
East, where the waterborne flatworms are endemic. A vari- 
ety of other infectious conditions, including urinary tract 
infection, gonorrhea, syphilis, other bacteria, human papil- 
lomavirus, human immunodeficiency virus, herpes simplex 
virus, and BK, virus have been studied as potential risk 
factors for bladder carcinoma.”° 

In a meta-analysis of 30 epidemiologic studies, Zeegers 
et al.!3 found that alcohol consumption in men, when 
adjusted for cigarette smoking, confers a small increased 
risk compared to no alcohol consumption. This result, 
however, was not Statistically significant. The same 
relationship in women was not demonstrated. Similarly, 
coffee consumption is heavily confounded by a frequent 
association with tobacco smoking, yet has been shown by 
some investigators to confer a slightly increased risk. 

Analgesic use has also been implicated in bladder 
carcinogenesis, particularly with regard to phenacetin- 
containing compounds. This observation has raised 
concern over the use of acetaminophen (its metabolite) 
and nonsteroidal antiinflammatory drugs (NSAIDs). Con- 
versely, some studies have found that NSAIDs, including 
acetaminophen, may be associated with decreased risk. 

Malignancy developing in patients receiving bladder 
augmentation is a growing concern, and increasing reports 
have recognized this surgical procedure as a potential risk 
factor for subsequent cancer initiation and progression (see 
Chapter 21 for further discussion).?!?? 


Genetic Predisposition and Syndromic 
Associations 


Bladder cancer has been linked to certain familial cancer 
syndromes, such as hereditary nonpolyposis colorectal can- 
cer (HNPCC) syndrome.?* HNPCC syndrome is related 
to mutation of mismatch repair genes, including MLH1/, 
MSH2, MSH6, and PMS2. In the background of defective 
DNA mismatch repair via such mechanisms, microsatellite 
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regions may accumulate errors more rapidly than normal 
as a part of tumor carcinogenesis. The HNPCC patients 
are predisposed to certain types of extracolonic tumors, 
including endometrial, ovarian, small bowel, stomach, hep- 
atobiliary, skin, brain, and urinary tract sites. Upper tract 
urothelial neoplasms reportedly occur at a higher incidence 
and at a slightly younger median age of onset (56 years).7* 
However, evidence of increased risk of urothelial neoplasia 
in the bladder of these patients is less compelling.74*7> Cur- 
rently there is no evidence of increased risk of urothelial 
neoplasia in pediatric patients with HNPCC syndrome, as 
noted by Wild et al. in their study of urothelial neoplasms 
in patients under age 20 years.”° In the same patient group, 
no familial bladder cancer history was identified.” 

Bladder cancer has been reported in patients with 
hereditary retinoblastoma, in whom its occurrence has 
been attributed to radiation and/or cyclophosphamide 
therapy. However, even in the absence of such treatment, 
increased mortality from bladder cancer in comparison 
to the general population has been noted, suggesting 
that it may indeed be a component of the hereditary 
retinoblastoma spectrum.” 

Bladder cancer is sometimes a component of Costello 
syndrome, a rare autosomal dominant disorder in which 
patients are at risk for various malignancies, such as rhab- 
domyosarcoma, neuroblastoma, and urinary bladder urothe- 
lial carcinoma (UC).?5?8 These patients have been reported 
to develop papillary UC during childhood,’ sometimes 
with recurrence, suggesting that hematuria or other urinary 
tract symptoms in patients with Costello syndrome should 
prompt consideration of a bladder tumor workup.”? 


Clinical Features and Natural History of 
Bladder Cancer 


Approximately three-fourths of patients with bladder cancer 
present with painless intermittent hematuria.!!~!4+703! It is 
estimated that approximately 20% of patients being eval- 
uated for gross hematuria will subsequently be diagnosed 
with bladder cancer. Similarly, of patients presenting with 
microscopic hematuria, up to CIS 10% will be diagnosed 
with bladder cancer. Total gross hematuria without pain is 
the typical sign for suspicion of bladder cancer. Varkarakis 
et al. studied 95 patients with gross painless hematuria and 
found 13% with bladder cancer.** In a similar study of 
1000 patients with gross painless hematuria by Lee and 
Davis, 15% of the patients had bladder cancer.*? Careful 
characterization of hematuria as initial, terminal, and total 
hematuria is important in identifying the location of bleed- 
ing. Therefore, with these high incidences of bladder cancer 
in patients with gross hematuria, examination by flexible 
cystoscopy seems to be necessary. However, hematuria is 
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quite often intermittent, so that a negative result on one or 
two specimens has little meaning in ruling out the presence 
of bladder cancer. 

Similarly, of patients presenting with microscopic hema- 
turia, up to 10% will be diagnosed with bladder cancer. 
Microscopic hematuria in patients with bladder cancer tends 
to be unpredictable and inconsistent; therefore, a single 
negative urinalysis does not exclude the possibility of can- 
cer. Mohr et al. reported that asymptomatic microhematuria 
occurred in 13% of the general population, and, of those 
patients, only 0.4% had urothelial neoplasia.*+ On the other 
hand, Golin and Howard found that 6.5% had bladder can- 
cer among 246 patients with asymptomatic microscopic 
hematuria who were referred to a urology clinic.’ Extra- 
polating the clinical importance of macroscopic hematuria 
to microscopic hematuria has not been rewarding, so the 
usefulness of testing for microhematuria is now in doubt.*© 
Testing for microhematuria is considered not helpful in 
evaluating men with lower urinary tract symptoms. There- 
fore, the clinical significance of asymptomatic microscopic 
hematuria is uncertain. 

Although the vast majority of bladder cancers are diag- 
nosed as a result of evaluating patients for hematuria, one- 
fourth of patients with bladder cancer will present with 
irritative voiding symptoms, including urgency, frequency, 
and dysuria, symptoms often mistakenly attributed to uri- 
nary tract infection.”!077 

The initial evaluation and management for patients with 
suspected bladder cancer involves cystoscopic evaluation 
of the bladder, transurethral resection (TUR) of visible 
tumor, and assessment of the appearance of the uninvolved 
bladder and prostatic urethra, which may be indicated 
when visible abnormalities of the prostatic urothelium exist 
(Figs. 8-2 to 8-5). Small lesions and flat lesions worrisome 
for carcinoma in situ (CIS) can be sampled with cold-cup 
biopsy forceps, while larger lesions should be completely 
resected. In addition, during TUR, attempts should be 
made to obtain muscularis propria. The presence of smooth 
muscle in the pathologic specimen is an important indicator 
for an adequately performed resection.*® It is clear that 
up to 4% patients with early-stage bladder cancer are at 
risk for synchronous and metachronous upper urinary tract 
tumors.*? Patients with a history of CIS, tumors adjacent to 
the ureteral orifices, or those with persistently unexplained 
positive cytologies might be at increased risk of an upper 
urinary tract tumor or prostatic urethral tumor involvement. 

Nearly 80% of patients who initially present with 
bladder urothelial carcinoma have tumors confined to the 
mucosa or submucosa—so-called superficial “nonmuscle 
invasive” bladder cancers, more appropriately reported 
as stage Ta/T1 urothelial tumors.!*:!84°-4? “Superficial” 
bladder tumors represent a heterogeneous group of cancers 
that include those that are (1) papillary in nature and 
limited to the mucosa (stage Ta), and (2) those that are 
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Figure 8-2 Papillary urothelial carcinoma of the bladder. Cystoscopic (A), gross (C), and microscopic B and D appearance. The 
bladder is partially filled with a velvety mass. (Photo courtesy of Dr. Koch.) 


invasive into the lamina propria or submucosa when the 
muscularis mucosae is present (stage T1). Flat urothelial 
CIS (Tis) has been included historically as part of the 
group of superficial bladder cancer patients. The rest 
of bladder cancer patients present initially with bladder 
tumors invading the muscularis propria of the bladder 
or beyond (stages T2 to T4) (Figs. 8-6 to 8-8).73843-47 
However, the recent consensus is not to group these 
diseases under the umbrella term “superficial bladder 
cancer.”“® The term “superficial” should be abandoned.” 

The natural history of bladder cancer is difficult 
to predict, due to biologic heterogeneity; features that 
characterize early-stage (stage Ta or T1) bladder cancer 
are disease recurrence and progression. The risks for 
both recurrence and tumor progression are related to 
multiple histopathologic factors, including grade, depth 
of invasion, multiplicity, tumor size, tumor morphology, 
presence or absence of vascular or lymphatic invasion, and 
presence or absence of CIS and some molecular features 
(Table 8-1).°° Although these conventional measures 


provide some degree of prognostic information, they fail 
to clearly evaluate each individual tumor’s malignant 
potential. These shortcomings with traditional clinical and 
histopathologic features have therefore lead to significant 
efforts to better define a tumor’s true biological potential 
on a molecular level.>>!>? 

Nearly 60% to 90% of patients with early-stage blad- 
der cancer will have a tumor recurrence if treated by TUR 
alone; 25% of cancers that recur will ultimately progress to 
invasive cancers.>°°3->> Eighty percent of urothelial blad- 
der cancer patients suffer from recurrence within one to 
two years of initial treatment. Despite radical cystectomy 
and systemic therapy, 50% of patients with invasive tumors 
die from metastasis.++46°6°7 

A retrospective analysis of 176 patients from Sweden 
with early-stage urothelial carcinoma, who were followed 
until death or for at least 20 years (with no adjuvant ther- 
apy), provides some insight into the importance and natural 
history of this disease when left untreated.°* An overall 
recurrence rate of 80% was reported, with 22% of patients 
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Figure 8-3 Urothelial carcinoma in situ (CIS), cystoscopic and microscopic appearance. A urothelial CIS visualized by standard 
white light cystoscopy (A, left) and fluorescence cystoscopy (A, right). Prominent microvascular proliferation immediately below 
the basement of the urothelium has been replaced by CIS cells (B). (Photo courtesy of Dr. Montironi.) 


dying from the disease if followed long enough: 11% of 
patients with Ta disease and 30% of patients with T1 dis- 
ease. In this study, death was related directly to tumor 
grade, number of tumors, and volume of recurrences.>® 
Urinary bladder cancer is a heterogeneous disease with 
diverse morphologic and clinical manifestations.*°? Three 
major risks for patients after initial management of tumor 
include recurrence, progression into higher grade and higher 
stage tumors, and metastasis. These risks are well known 
for each stage of the disease, but are not sufficiently quan- 
tifiable to prospectively assess risk for individuals. Clinical 
and pathological parameters are widely used to predict clin- 
ical outcome, but these parameters have limited utility for 
predicting tumor recurrence. Reliable parameters for tumor 
recurrence risk would be valuable when advising patients 
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about surveillance measures and aggressiveness of therapy 
(see Chapters 29, 32, 33, and 34 for further discussion). 


Morphologic Characteristics of Invasive 
Urothelial Carcinoma 


Infiltrating (or invasive) urothelial carcinoma is defined 
as a urothelial tumor that invades beyond the basement 
membrane. Infiltrative carcinomas grossly span a range of 
morphology, including papillary, polypoid, nodular, solid, 
ulcerative, or transmural diffuse. They may be solitary 
or multifocal. The histology of infiltrating urothelial 
carcinomas is variable and includes stage pT1-T4 
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h 
Figure 8-4 Urothelial carcinoma of the bladder. Radiograph- 
ically, urothelial carcinomas are visualized as filling defects. 
(Photo courtesy of Dr. Koch.) 


Figure 8-5 Urothelial carcinoma of the bladder. The arrow 
indicates the tumor. With superficial tumors, there is usually lit- 
tle deformity to the bladder wall, and on CT scan, the thickness 
of the bladder wall is thin. (Photo courtesy of Dr. Koch.) 


tumors (Fig. 8-9; see Chapters 9, 10, and 11 for further 
discussion).** Infiltrating urothelial carcinomas are graded 
as low or high grade according to the new 2004 WHO 
classification, depending on the degree of nuclear anaplasia 
and architectural abnormalities.* 

Invasive urothelial carcinoma may present as poly- 
poid, sessile, ulcerated, or infiltrative tumor, in which 
the neoplastic cells invade the bladder wall as nests, 
cords, trabeculae, small clusters, or single cells that are 
often separated by a desmoplastic stroma (Figs. 8-10 to 
8-14). The tumor sometimes grows in a more diffuse, 
sheet-like pattern, but even in these cases, focal nests and 
clusters are generally present. The cells show moderate 
to abundant amphophilic or eosinophilic cytoplasm and 
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Image: 13 


resonance imaging shows an invasive cancer (A). Tumor 
invades the muscularis propria wall (B). (Photo courtesy of 
Dr. Koch.) 


large hyperchromatic nuclei. In larger nests, palisading 
nuclei may be seen at the edges of the nests. The nucleus 
is typically pleomorphic and often has irregular contours 
with angular profiles. Nuclear grooves may be identified 
in some cells. Nucleoli are highly variable in number and 
appearance; with some cells containing single or multi- 
ple small nucleoli and others having large eosinophilic 
nucleoli. Foci of marked pleomorphism may be seen, with 
bizarre and multinuclear tumor cells. Mitotic figures are 
common, with numerous abnormal forms. 

Urothelial carcinoma has a propensity for divergent 
differentiation, with the most common being squamous 
(Fig. 8-15), followed by glandular differentation.® Tumor 
heterogeneity is also common, with different histologic 
grades in the same tumor (Fig. 8-16). Virtually, the 
entire spectrum of bladder cancer variants may be seen 
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Figure 8-7 Invasive urothelial carcinoma with a thickened 
bladder wall (A and B). (Photo courtesy of Dr. Koch.) 


in variable proportions accompanying otherwise typical 
urothelial carcinoma. It has been proposed that sarcoma- 
toid carcinoma represents the final common pathway of 
urothelial carcinoma differentiation (see Chapters 16 and 
34 for further discussion).©° The clinical outcome of some 
of these variants differs from typical urothelial carcinoma; 
therefore, recognition of these variants is important. Patho- 
logic features of the most common variants of urothelial 
carcinoma are discussed in Chapter 12. 


Urothelial Carcinoma in Young Adults 


Various studies have used differing age criteria for 
“young” patients; however, in patients 20 to 40 years of 
age, urothelial carcinoma generally remains less common 
than in patients over 40 years of age. Most studies have 
found urothelial tumors to be somewhat more common in 
this age group than in true pediatric patients (under 20 
years).?%6162 Similarly, the male predilection is maintained 
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Figure 8-8 Bulky invasive urothelial carcinoma with a 
thickened bladder wall. (A and B). (Photo courtesy of 
Dr. Koch.) 


Table 8-1 Factors Predictive of Recurrence and Progression 
in Bladder Carcinoma Without Muscle Invasion 


Number of Tumors 

Solitary 

2-7 

>8 
Cancer size 

<3 cm in greatest dimension 

>3 cm in greatest dimension 
Prior recurrence rate 

<1 recurrence/year 

>1 recurrence/year 
Pathologic stage 

Ta 

mi 
Coexistent carcinoma in situ 
Histologic grade (WHO 1973) 

Grade 1 

Grade 2 

Grade 3 


Source: Modified from Ref. 50. 
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presence of small nests and individual single cells invading Figure 8-14 Urothelial carcionoma invading the prostate. 
the lamina propria. 


Figure 8-13 Invasive urothelial carcinoma. Note the Figure 8-16 Tumor heterogeneity in urothelial carcinoma. 
prominent desmoplasia. Mixed histologic grades are seen in the same tumor. 
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in this age group,°!® although the male predominance 


may be somewhat less marked in young patients. When 
patients are stratified by decade of life, tumors occurring in 
patients during the third and fourth decades of life exhibit 
more indolent tumor behavior than do those that arise in 
older individuals. 

Yossepowitch and Dalbagni studied 74 patients aged 40 
years or younger, finding that the clinical presentation and 
disease outcome were similar to those of older patients, with 
a comparable male-to-female ratio, stage distribution, and 
disease-free progression/recurrence rates in the Ta, Tis, and 
T1 categories.“ In particular, young patients who under- 
went radical cystectomy were prone to an aggressive clin- 
ical course and poor outcome, with a higher rate of distant 
metastasis. However, the authors noted that all but one 
of 14 patients below age 30 years presented with stage 
Ta disease and were disease-free at the last followup. 
In contrast, Migaldi and colleagues reported 58 patients 
ranging from 20 to 45 years of age who developed urothe- 
lial neoplasms: histologically superficial urothelial carci- 
noma (86%), muscle-invasive urothelial carcinoma (2%), 
and urothelial (10%). The authors contrasted the group of 
50 superficial tumors (pTa and pT1) with a second group of 
90 superficial tumors occurring in patients over 55 years of 
age. Interestingly, when limiting the analysis to these stage 
restrictions (pTa and pT1), patient populations revealed a 
significantly better outcome in young patients, with statisti- 
cally significant decreases in tumor grade and recurrence for 
the under-45 population. Similarly, pTa tumors were more 
common in the “young” group.®? Of note, the male predilec- 
tion was greater for older patients (7: 1) than for younger 
patients (2: 1),° in contrast to the findings of Yossepowitch 
and Dalbagni.™ 

Some authors have found that the indolent biologic 
behavior of urothelial neoplasms arising in patients aged 
less than 19 years is not seen with young adult patients 
(ages 20 to 30), whose urothelial neoplasms exhibit a 
poorer prognosis, more similar to that of typical urothelial 
carcinoma patients.°'* In a study including 15 patients 
in the third decade of life, 40% developed recurrence and 
two patients with grade 2/3 tumors progressed to invasive 
carcinoma. One patient died of metastatic cancer, while 
the other was alive with tumor recurrence.°! Similarly, in 
a study of patients under age 30, recurrences developed in 
11 patients, although those above and below age 20 were 
not analyzed separately.©? Thus, differences in the biologic 
behavior of pediatric and young adult tumors may at least 
partially account for these increased incidences of tumor 
recurrence. 

The study by Migaldi et al. found by univariate analysis 
that high Ki67 and low cyclin D1 immunohistochemical 
expressions were associated with an increased risk of 
recurrence in the young adult group (ages 20 to 45), 
while reduced p27‘?! expression and p53 overexpression 


were not. In contrast, reduced p27*'?! expression did 
correlate with increased risk of recurrence in the elderly 
patient group (greater than 55 years of age), suggesting 
that distinct molecular pathways may be involved in the 
development and progression of these tumors.°? 


Prognosis of Invasive Urothelial Cancer 


The prognosis for patients with invasive urothelial carci- 
noma is poor, with five-year survival of less than 50%, 
despite therapy.°>74446.6° Numerous pathologic factors 
have been shown in select cohorts of patients with bladder 
cancer to correlate with recurrence, progression, and 
survival. The immune response to the tumor as measured 
by immunohistochemical staining for lymphocytes and 
antigen-presenting dendritic cells is useful in predicting 
recurrence.©’ The number of papillary tumors also pre- 
dicts recurrence but does not appear to be a significant 
determinant of invasive cancer.°® 

Patients with a single focus of papillary cancer develop 
recurrence after transurethral resection in 45% of cases; 
however, patients who develop a second tumor have an 84% 
risk of developing a third tumor. Tumors larger than 5 cm 
in diameter also increase the risk of muscle invasion.” 
Tumor recurrence more than four years after resection of the 
primary tumor is an ominous sign.587! It is an important 
goal to exclude dysplasia or CIS in the adjacent mucosa 
or elsewhere in the bladder, as this is a significant factor 
predictive of recurrence and invasion.’*~”4 

The presence of lymphovascular invasion is predictive 
of poor outcome, and this finding should be included in 
the pathology report according to the Cancer Committee 
of the College of American Pathologists.” Identifica- 
tion of lymphovascular invasion may be difficult, and can 
be confused with artifactual clefting around nests of inva- 
sive carcinoma, including perineural invasion.*-”> The inci- 
dence of lymphovascular invasion is variable, reportedly as 
high as 7% of cases. Immunohistochemical studies directed 
against endothelial cells that employ Ulex europeus lectin, 
factor VIII, CD31, or CD34 may be of value in identi- 
fying lymphovascular invasion, although less than 40% of 
cases with lymphovascular invasion by routine examination 
can be confirmed immunohistochemically.’° Invasion is an 
important predictor of patient outcome, regardless of tumor 
grade.®:77 

Prostatic involvement by urothelial carcinoma is 
common.**78-? In patients with muscle-invasive bladder 
cancer, the prostate is involved in up to 50% of cases, and 
the frequency is even higher in those who have multifocal 
CIS of the bladder. Prostatic involvement is classified 
into three groups: (1) carcinoma confined to the prostatic 
urethral lining, (2) carcinoma extending into ducts and 
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acini but confined by the basement membrane, and (3) car- 
cinoma that invades the prostatic stroma. Metastases are 
most likely with prostatic stromal invasion.” The presence 
of prostatic urethral CIS indicates a high risk for urethral 
recurrence after radical surgery.’*’9°! Prostatic stromal 
invasion is a strong predictor of poor patient survival (see 
Chapter 11 for further discussion).’*8? 


Field Cancerization and Tumor 
Multicentricity 


The morbidity and high cost of care for urothelial car- 
cinoma result from its proclivity for multifocality and 
frequent recurrence, requiring expensive surveillance and 
multiple endoscopic and/or intravesical treatments. Devel- 
opment of multifocal tumors in the same patient, either 
synchronous or metachronous, is a common characteristic 
of urothelial malignancy (Figs. 8-17 and 8-18).°6883-% 
Multiple coexisting tumors have often arisen before 
clinical symptoms are apparent. The separate tumors may 
or may not share a similar histology. Two theories have 
been proposed to explain the frequency of urothelial tumor 
multifocality. One theory, the monoclonal theory, suggests 
that the multiple tumors arise from a single transformed 
cell that proliferates and spreads throughout the urothelium 
either by intraluminal implantation or by intraepithelial 
migration. The second theory, the field effect theory, 
explains tumor multifocality as a development secondary 
to field cancerization effect. Chemical carcinogens cause 
independent transforming genetic alterations at different 
sites in the urothelial lining, leading to multiple genetically 
unrelated tumors. 

The issue of monoclonal versus oligoclonal origin of 
multifocal urothelial carcinomas is clinically important for 
understanding patterns of early tumor development when 
planning treatment and surgical strategies.5673-51,83,89-94 
The cause of multifocality also influences test design 
for genetic detection of recurrent or residual tumor cells 
in posttreatment urine samples. There is currently no 
consensus concerning which theory is most important in 
the development of multifocal urothelial carcinoma.?>~!°° 
Many studies have suggested a monoclonal origin for 
multifocal urothelial carcinoma, but other studies have 
shown an independent origin for some multicentric urothe- 
lial tumors using similar methods.¥3-97-100,104,105,107—113 
A recent study suggests that both field cancerization 
and monoclonal tumor spread may coexist in the same 
patient.*? Molecular evidence supporting an oligoclonal 
origin for multifocal urothelial carcinomas in the majority 
of cases was found, consistent with the field cancerization 
theory for multicentric urothelial carcinogenesis. This 
finding is clinically important to understanding early 
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Figure 8-17 Multifocality of bladder cancer. CT scan shows 
a large prostate and two superficial urothelial tumors on the 
anterior bladder wall. (Photo courtesy of Dr. Koch.) 


tumor development, and spread must be considered in 
the development of appropriate treatment and surgical 
strategies and when molecular diagnostic techniques are 
utilized in the detection of recurrent or residual disease. 

Field cancerization, which is an important cause of mul- 
ticentric squamous cell carcinomas of the head and neck, 
postulates that multifocal urothelial carcinomas arise in the 
same way. In the field cancerization process, simultaneous 
or sequential tumors result from numerous independent 
mutational events at different sites in the urothelial tract. 
These independent transformations are a consequence 
of external cancer-causing influences. In support of the 
field effect theory is the frequent finding of genetic 
instability in normal-appearing bladder mucosa in patients 
with bladder cancer in the adjacent urothelium.!!*!!> 
Premalignant changes such as dysplasia or CIS often are 
found in urothelial mucosa away from an invasive bladder 
cancer. 

Many genetic comparisons and mapping of atypia 
in cystectomy specimens have emphasized the role of 
oligoclonality and field cancerization in the development 
of multifocal urothelial tumors, especially in early-stage 
disease. Since the monoclonal and oligoclonal theories 
explaining urothelial tumor multifocality are not mutu- 
ally exclusive, various theories have been proposed to 
combine the two mechanisms. It has been suggested that 
oligoclonality is more common in early lesions, with 
progression to higher stages, leading to the overgrowth 
of one clone and pseudomonoclonality.!°!!© Thus, early 
or preneoplastic lesions may arise independently with 
a specific clone undergoing malignant transformation, 
which subsequently spreads through the urothelium by 
either an intraluminal or an intraepithelial dissemination. 
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Figure 8-18 Multifocality of bladder cancer. Cystoscopic examination revealing multiple early-stage bladder cancer from the 


same patient. (Photo courtesy of Dr. Koch.) 


Whereas tumor multifocality seems to be an oligoclonal 
phenomenon in the majority of cases, there is undeniable 
support for the monoclonal hypothesis in some cases.*? 


The Origin of Bladder Cancer 


Current carcinogenesis models suggests that malignancy 
represents clonal expansion of one or a few cancer stem 
cells (CSCs) in the fields affected.>-©73°!'7!18 CSCs 
comprise 1% to 4% of the viable cell population in a 
malignant tumor. These cells proliferate through asym- 
metric differentiation and can diversify into heterogeneous 
cancer cell lineages. Asymmetric differentiation means 
that following cell division, one daughter cell retains 
the capacity to divide again, and the other daughter 
cell possesses genetic plasticity, allowing phenotypic 


variation in the offspring. When tumors arise from CSCs 
or progenitor cells, a specific set of genomic, epigenomic, 
and/or microenvironmental niche alterations is essential for 
continued clonal expansion. Therefore, each CSC and its 
progeny possesses a unique set of genetic, epigenetic, and 
phenotypic features. Urothelial CSCs may harbor either 
fibroblast growth factor receptor 3 (FGFR3) mutation or 
TP53 mutations. Although pure populations of bladder 
CSCs have not yet been isolated, many investigators have 
reported putative populations of stem cell-like cells in 
bladder cancer. Bladder CSCs in urothelial carcinoma 
can be identified by their properties of colony formation, 
self-renewal, high proliferation rate, and expression of 
stem cell-related genes.'!9-!?!_ Genetic alterations of 
stromal somatic cells assist CSCs in the niche to promote 
cancer development and progression. CSCs gain growth 
advantage and develop into an expanding clonal patch with 
genetically altered daughter cells. The subsequent clonal 


149 


Bladder Cancer: General Features 


explanation gradually displaces the normal epithelium 
to form a field. The process is driven by the enhanced 
proliferative capacity of a genetically altered clonal unit. 
Urothelial carcinomas arise from CSCs that are distributed 
in the primary tumor and also in the shared field, and 
which appear to be the source of tumor recurrences, tumor 
progression, and tumor metastasis.?338-51,91,92,94,122,123 

Chan et al. used the expression of protein markers 
to isolate and characterize a tumor-initiating cell (TIC) 
subpopulation in primary human bladder cancer. The 
cells of this subpopulation exhibited enhanced ability to 
induce xenograft tumors in vivo that recapitulated the 
heterogeneity of the original tumor.'*+ These investigators 
analyzed over 300 bladder cancer specimens and found 
heterogeneity among activated oncogenic pathways in TIC 
(e.g., 80% Glil, 45% Stat3, 10% Bmi-1, and 5% f6-catenin) 
and a unique bladder TIC gene signature was identified by 
gene chip analysis.!** It is suggested that variations in the 
clinical behavior of different urothelial carcinomas, even 
within clinical and pathological staging groups, results 
from this heterogeneity of activated oncogenic pathways 
and T-IC gene signatures.!*4 

CSC and field carcinogenesis theories explain urothelial 
carcinoma clonality and multifocality, and provide a ratio- 
nale for novel therapeutic strategies.?*7*!?> Understanding 
the mechanisms of CSC/field carcinogenesis may lead to 
the identification of novel molecular markers that could be 
critically important in tumor identification and classifica- 
tion, and also in the development of targeted therapeutic 
regimens aimed not only at treatment of established cancer 
but in prevention of metastases as well. 


Molecular Genetics 


Traditional morphological analysis is of limited utility for 
identifying cases in which cancer recurrence and progres- 
sion will occur. However, molecular and genetic analyses 
offer new perspectives on the prediction of clinical out- 
come (see also Chapters 29 to 34). Recent studies have 
suggested that urothelial carcinogenesis occurs as a “field 
effect” that can involve any number of sites in the bladder 
mucosa.° Accumulating evidence supports the notion that 
resident urothelial stem cells in the affected field are trans- 
formed into CSCs by acquiring genetic alterations that lead 
to tumor formation through clonal expansion. Both initial 
and recurrent tumors are derived from CSCs in the affected 
field via two distinct molecular pathways. These provide 
a genetic framework for understanding urothelial carcino- 
genesis, tumor recurrence, and progression: the FGF'R3- 
and TP53 -associated pathways. These two pathways are 
characterized by different genomic, epigenetic, and gene 
expression alterations. Their outcomes correlate with the 
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markedly different clinical and pathologic features of both 
relatively indolent low grade cancers and the aggressive 
high grade cancers. As such, these molecular findings are 
potentially useful for counseling patients and for assess- 
ing the risk of recurrence and progression. The molecular 
changes may additionally prove useful for developing pre- 
ventive and therapeutic strategies for bladder cancer. 

Bladder cancer, in particular, shows a loss of heterozy- 
gosity (LOH) on chromosome 9, with the most common 
site of loss at 9p21. The most common genetic alterations 
of bladder tumors are gains of 1q, 8p/q, and 20q and losses 
of 8p, 11p, 9p, and 9q.5623:57.60,83,89,91,97.113,122,123,126—149 
Invasive bladder cancer commonly shows losses of 2q, 5q, 
8p, 9p, 9q, 10q, 11p, 18q, and Y (see Chapters 29, 32, 33, 
and 34 for further discussion). Gains include 1q, 5p, 8q, 
and 17q. LOH in bladder cancer can be detected by cyto- 
genetics, restriction fragment length polymorphisms, and 
microsatellite polymorphism analysis.”* 

Some chromosomal deletions are common in urothelial 
carcinoma, and the most common is loss of chromosome 9p, 
present in more than 50% of T1 and T2 cancers.?”!!3:!45 
Both 9p and 9q probably harbor tumor suppressor genes 
involved in the initiation of bladder carcinogenesis!*° and 
recurrence.'°! The total number of alterations is higher in 
pT1 tumors than in pTa tumors.!>? 

Chromosome 9p21 deletion is frequently observed in 
early stages of urothelial carcinogenesis. Hyperplastic 
urothelium and adjacent papillary urothelial carcinoma 
have both been found to share chromosome 9 deletions, 
which is a very interesting observation in the tumorigenesis 
of these neoplasms.*!!?:!48 LOH and fluorescence in situ 
hybridization (FISH) were compared in microdissected 
samples of CIS and revealed a high correlation of the two 
methods, with 86% and 75% chromosome 9 deletion rates, 
respectively; for dysplasia, the rates were 84% and 53%, 
respectively.!!> 

Low grade papillary tumors are diploid or near-diploid 
and have been found to express P/6 inactivation and mis- 
sense mutations of FGFR3 (see Chapters 9, 29, 33, and 
34 for further discussion). Low grade tumors also show 
altered expression of cytokeratin 20, CD44, p53, and p63.3 
Ultimately, deletions of chromosome 9 and mutations of 
FGFR3 are the most commonly found alterations in these 
tumors. !*3 

High grade papillary tumors are aneuploid (which 
includes CIS and invasive tumors) and show alterations in 
TP53 and P16 .!?6-!?8-146.154 In fact, mutations of FGFR3 
and TP53 may show an inverse relationship, as FGFR3 
mutations are found in lower stage and lower grade tumors, 
whereas 7P53 mutations are found more commonly in 
invasive and more aggressive tumors.!55-158 High grade 
tumors show overexpression of p53, HER2, or EGFR, 
and loss of p21 (CDKNIA/Waf1) or p27(CDKN1B/Kip1) 
(especially in invasive cancers).? Furthermore, other 


common genetic areas of LOH include 14q (70%), 8p 
(65%), 13q (56%), 11p (54%), and 4q (52%) in CIS. 

pT 1 tumors have an average of 6.5 to 9.8 chromosomal 
imbalances, whereas low grade pTa tumors have an aver- 
age of 2.3 to 3.7 chromosomal imbalances.!37:!>? In more 
aggressive forms of bladder carcinoma, gains and amplifica- 
tions of genes, rather than deletions, predominate. 137-152-159 
Amplifications on the long arm of chromosome 3 have been 
found to decrease p63 expression, which is thereby associ- 
ated with loss of tumor differentiation and increased depth 
of tumor invasion, although studies suggest that p63 alter- 
ations are not useful as prognostic indicators in patients’ 
survival rates, !°?:160 

LOH of 15q has been reported to be present in 40% 
of urothelial tumors.'*! LOH of 11p has been reported to 
be found in approximately 40% of bladder tumors, but it 
is more commonly associated with higher stage and higher 
grade tumors.!4?-!43 A loss at 13q14 indicates a loss at RBI, 
and a loss of 17p indicates a loss at TP53 161-163 

LOH of chromosomes 11p and 17p13 (the TP53 locus) 
usually occurred in high grade invasive cancer,!!*:!® 
whereas allelic loss of chromosome 3 was seen in only 
26% of high stage urothelial cancers.!® Loss of the Y 
chromosome was common in urothelial carcinoma and 
was associated with advanced stage, coexistent CIS, and 
poor prognosis.'©° LOH on chromosome 2q revealed 
a candidate tumor suppressor gene, LRPIB, that was 
more frequent in high grade cancer.!® LOH of the short 
arm of chromosome 3 was not present in superficial 
papillary cancer, whereas it is present in 54% of cases 
of muscle-invasive cancer. LOH has also been observed 
on chromosomes 4p, 4q, 5q, 8p, and 10q.!68 Loss of 14q 
is common in invasive bladder cancer and suggests that 
there are potential tumor suppressor loci on 14q12 and 
14q32.1—32.2.!©° LOH of chromosome 18q was associated 
with muscle-invasive bladder cancer.'”° LOH at the DEL- 
27 locus on 5p13-12 predicted progression in bladder 
cancer.'”! In contrast, LOH of 8p 22 N-acetyltransferase 2, 
a polymorphic enzyme that metabolizes aromatic amines, 
was not associated with cancer progression in bladder 
cancer.'’* FISH revealed that polysomy of chromosomes 1 
and 8 were linked to muscle invasion but not recurrence.!>! 
LOH of D11S490 or D1I7S928 predicted recurrence in 
superficial cancer.!72 

Genome-wide single-nucleotide polymorphism assays 
revealed that homozygous TP53 mutations were more 
often associated with high LOH than with low LOH.'” 
The GSTMI/ null genotype was associated with bladder 
cancer.'’+ Tissue microarray screening revealed amplifica- 
tion of three putative target genes on chromosome region 
12q13-q15, including MDM2, CDK4, and GLI.'”° 
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Other genetic alterations, such as aberrant DNA methy- 
lations and microRNA deregulations, have also been inves- 
tigated extensively in bladder cancer (see Chapters 29, 30, 
31, 32, 33, and 34 for further discussion). 


Molecular Therapies Targeting Molecular 
Pathways 


Traditional therapies such as surgery, radiation, and 
chemotherapy have limited success in the treatment of 
advanced bladder cancer.'”° Over the last decade, great 
strides have been made in identifying the molecular path- 
ways in urothelial carcinogenesis.5623-51,57,60,122,130,134,148 
Molecular alterations such as FGFR3 and TP53 abnormal- 
ities have been found to be associated with tumor grade, 
recurrence, clinical phenotype, and prognosis (see also 
Chapters 29 to 34). These molecular pathways lead to 
aberrant cell cycle control, apoptosis, self-sufficient repli- 
cation, enhanced angiogenesis, insensitivity to antigrowth 
signals, and varying tumor phenotypes.!”’ In recent years, 
there has been substantial interest in developing novel 
therapeutic agents targeted against the molecular pathways 
that are deregulated in tumor cells. Identification of these 
molecular alterations provides the possibility for finding 
novel therapeutic agents that can specifically target these 
alterations, eliminating tumor cells while having little 
impact on normal tissues.®!78-183 

Epidermal growth factor receptor (EGFR) is expressed 
in 31% to 48% of urothelial carcinomas and among the 
best-studied receptors in urothelial carcinomas, having 
been associated with increased probability of progression 
and death.!84185 Among the functions of this pathway are 
mediation of cell differentiation, proliferation, migration, 
angiogenesis, and apoptosis. The most thoroughly evolved 
treatment strategies targeted against the EGFR pathway 
include cetuximab and trastuzumab, monoclonal antibodies 
that block the extracellular ligand-binding domain, as 
well as gefitinib, erlotinib, and lapatinib, inhibitors of the 
intracellular tyrosine kinase domain.*!®°!87 A number of 
other monoclonal antibodies have been produced against 
EGFR,'®® and treatment of experimental animal tumors 
with anti-EGFR has demonstrated marked reduction in 
tumor growth, reduced vascular endothelial growth factor 
(VEGF) production, and prevention of metastases to the 
lungs and lymph nodes that were observed in control 
mice 660.189.190 

Similarly, VEGF, an important factor regulating angio- 
genesis, has been correlated with increasing disease stage 
and tumor invasion into muscle.!9!:!%2 For this reason, 
it has also been considered as a potential therapeutic 
target. Blocking signaling through the VEGF pathway 
has demonstrated a significant antiangiogenic effect via 
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inhibition of endothelial proliferation. Novel therapeutics 
inhibiting VEGF signaling include sunitinib, sorafenib, 
pazopanib, aflibercept, and bevacizumab.'*? Of note, 
tumors treated with cisplatin, sunitinib, and a combination 
of the two agents exhibited reduced Ki67 expression 
compared to untreated lesions. The two agents, used in 
combination, also demonstrated a statistically significant 
difference compared to cisplatin alone.!%4 

Gain of function mutations in FGFR3 have been iden- 
tified in 65% of papillary and in 20% of muscle-invasive 
bladder carcinomas.!® RAS is a factor downstream of 
the FGFR3 pathway, and its mutations have been asso- 
ciated with low grade bladder tumors, similar to FGFR3 
itself.19°!97 Anti-FGFR3 monoclonal antibody, R3Mab, 
binds selectively to FGFR3 and blocks the FGFR3- 
dependent tumor proliferation." ?8 With regard to the other 
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Pathologic Classification and Grading of 
Urothelial Carcinoma: An Overview 


Urothelial carcinoma of the bladder is the second most 
common malignancy of the genitourinary system, after 
prostate cancer.!? It represents a diverse group of diseases 
with various morphologic and biologic manifestations 
(Fig. 9-1). Two predominant diagnostic categories are 
assigned based on the presence or absence of stromal 
invasion: noninvasive papillary urothelial carcinoma and 
invasive urothelial carcinoma. The majority of bladder 
cancer patients have a relatively indolent, low grade 
tumor confined to the superficial mucosa. Despite the 
relatively indolent nature of these tumors, the recur- 
rence rate may be as high as 70%, thus necessitating 
long-term followup.*+ In addition, about one-third of 
recurrent tumors eventually progress to a higher grade 
or stage. The most important predictors of progression 
are histologic grade, multiplicity of tumors, early recur- 
rence, and tumor size. The presence of dysplasia or 
carcinoma in situ (CIS) in the adjacent urothelium is an 
especially ominous feature (see Chapters 6 and 7).37! 

The topic of classification and grading for noninvasive 
papillary neoplasia has been debated and should be con- 
sidered unsettled.!4-!7 The 1973 World Health Organiza- 
tion (WHO) classification is preferred by some authors 
because it allows comparison of results between differ- 
ent clinical centers. It is a robust, clinically proven, widely 
used, time tested, and reasonably reproducible method for 
pathologic reporting of bladder tumors, and therefore is 
still recommended. The 1998 WHO/International Society 
of Urological Pathology (ISUP) classification of bladder 
tumors was controversial, mainly because it had no valida- 
tion, reproducibility, and translation studies.!°!8-*? In par- 
ticular, there is poor interobserver agreement for papillary 
urothelial neoplasm of low malignant potential (PUNLMP) 
and low grade urothelial carcinoma, two new categories in 
the 2004 system.!>-!7334 Use of both the 1973 and 2004 
WHO classifications (former 1998 ISUP/WHO) have been 
recommended.*!>-!7-!9.35 In this chapter we also propose a 
new grading scheme based on cumulative data, combining 
the features of the 1973 and 2004 WHO grading systems 
(Fig. 9-2; Table 9-1). 

Because of the subjective nature of histologic grading, 
some have questioned whether better descriptive morphol- 
ogy and criteria would be the best approach for grading 
urothelial neoplasia.*° Incorporation of biomarker expres- 
sion and molecular findings into the grading process may 
be a more objective and quantitative measure of clinical 
outcome. The fibroblast growth factor receptor 3 (FGFR3) 
mutations are usually present in low grade papillary carci- 
nomas, whereas high grade urothelial carcinomas are char- 
acterized by TP53 mutation. TP53 mutations are almost 


Figure 9-1 Noninvasive papillary urothelial carcinoma. 
Note the broad-based tumor cystoscopically (A) and 
macroscopically (B). (Photo courtesy of Dr. Koch.) 


always mutually exclusive of FGFR3 mutations, a fact that 
could potentially be exploited as a tool for the molecular 
grading of bladder cancer (see also Chapters 29 to 34).4637 


Histologic Grading According to the 1973 
WHO Classification 


Histologic grading is one of the most important prognos- 
tic factors in bladder cancer. The first widely accepted 
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Figure 9-2 Newly proposed grading system (grades 1 to 4). (A) Grade 1 urothelial carcinoma (low grade); (B) grade 2 urothelial 
carcinoma (low grade); (C) grade 3 urothelial carcinoma (high grade); (D) grade 4 urothelial carcinoma (high grade) (discussed 
later in this chapter). 


Table 9-1 Grading of Urothelial Carcinoma of the Urinary Bladder? 


*All the grading schemes have substantial inter- and intraobserver variabilities. There is no exact correlation between different grading systems. 
WHO, World Health Organization; IUSP, International Society of Urological Pathology; PUNLMP, papillary urothelial neoplasm of low malignant 


potential. 
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grading system for papillary urothelial neoplasms was the 
WHO (1973) classification system, which divided urothelial 
tumors into four categories: papilloma, grade 1 carcinoma, 
grade 2 carcinoma, and grade 3 carcinoma.’ Histologic 
grading is based on the degree of cellular anaplasia, with 
grade 1 tumors having the least degree of anaplasia com- 
patible with a diagnosis of malignancy, and grade 3 tumors 
having the most severe degree of anaplasia.’ Morpho- 
logic criteria for grading were quite detailed in the original 
1973 WHO classification. Anaplasia was defined by the 
authors of the 1973 WHO classification as increased cellu- 
larity, nuclear crowding, disturbed cellular polarity, failure 
of differentiation from the base to the surface, nuclear poly- 
morphism, irregular cell size, variation in nuclear shape and 
chromatin pattern, displaced or abnormal mitotic figures, 
and giant cells.*® 


Urothelial Papilloma 


Urothelial papilloma is a benign exophytic neoplasm 
composed of a delicate fibrovascular core covered by 
normal-appearing urothelium (Fig. 9-3; see also Chapter 
5). The superficial cells are often prominent. Mitoses 
are absent or, if present, located in the basal cell layer. 
The stroma may show edema and inflammatory cells. 
Papillomas are diploid with low proliferation, uncommon 
p53 expression, and frequent FGFR3 (75%) mutation. 
Cytokeratin (CK) 20 expression is limited to the superficial 
(umbrella) cells as in normal urothelium. The incidence is 
below 1% of all bladder tumors and the male-to-female 
ratio is 1.9: 1. Hematuria is common. Most papillomas are 
single and occur in younger patients (mean age, 46 years), 
close to the ureteric orifices. Urothelial papillomas may 
recur but do not progress. 


Grade 1 Urothelial Carcinoma 


Grade 1 papillary urothelial carcinoma consists of an 
orderly arrangement of normal urothelial cells lining del- 
icate papillae with minimal architectural abnormality and 
minimal nuclear atypia (Figs. 9-4 to 9-6). Nuclear grooves 
are usually present. There may be some complexity and 
fusion of the papillae, but this is usually not prominent. 
The urothelium is often thickened to more than seven 
cell layers. There is normal maturation and cohesiveness, 
with an intact superficial cell layer. The nuclei tend to be 
uniform in shape and spacing, although there may be some 
enlargement and elongation. The chromatin texture is finely 
granular, without nucleolar enlargement. Mitotic figures 
are rare and basally located. Grade 1 tumor should be 
distinguished from urothelial papilloma, which is a benign 
lesion without invasive potential or risk of progression Figure 9-4 Grade 1 urothelial carcinoma, 1973 WHO 
(see also Chapter 5). classification. 


Figure 9-5 Grade 1 urothelial carcinoma, 1973 WHO 
classification. 


Figure 9-6 Grade 1 urothelial carcinoma, 1973 WHO 
classification. 


Grade 1 urothelial carcinoma appears to have a predilec- 
tion for the ureteric orifices. In one study, 69% of grade 1 
urothelial carcinomas were centered near a ureteric orifice 
but the remainder was seen in all other portions of the 
bladder. Patients with grade 1 urothelial carcinoma are at 
increased risk of local recurrence, progression, and dying 
of bladder cancer. Significant morbidity and mortality are 
associated with grade 1 urothelial carcinoma of the bladder 
if patients are followed for a sufficient interval.*°->? With 
20 years of followup, Holmang et al.*! found that 14% 
of patients with noninvasive grade 1 urothelial carcinoma 
(pTa G1) died of bladder cancer. In a recent review of 
152 patients with stage Ta grade 1 urothelial carcinoma, 
Leblanc et al. found that 83 patients (55%) had tumor 
recurrence, including 37% with cancer progression.” 
Patients who remained tumor-free for one year still had 
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a 43% chance of late recurrence. In Greene et al.’s 
study of 100 patients with grade 1 urothelial carcinoma, 
10 patients (10%) died of bladder cancer after more than 
15 years; of 73 patients who had recurrences, 22% were of 
higher grade than the original tumor.” The mean interval 
from diagnosis to development of invasive cancer was 
eight years. Jordan et al. studied 91 patients with grade 
1 papillary urothelial tumors and found that 40% of them 
had recurrence. Twenty percent of patients with recurrences 
developed high grade (grade 3) cancer, and four patients 
(4%) died of bladder cancer.>! Long-term followup is 
recommended for patients with grade 1 papillary urothelial 
carcinoma. 


Grade 2 Urothelial Carcinoma 


Grade 2 urothelial carcinoma represents a broad group of 
tumors encompassing a spectrum of cytologic atypia and 
some variability in the relative proportion of cells with atyp- 
ical features. Grade 2 urothelial carcinomas retain some of 
the overall maturation of grade 1 carcinoma, but also dis- 
play at least focal moderate variation in polarity, nuclear 
appearance, and chromatin texture apparent at low mag- 
nification (Figs. 9-7 to 9-9). Cytologic abnormalities are 
invariably present in grade 2 urothelial carcinoma, with 
moderate nuclear crowding, moderate loss of cell polarity, 
moderate nuclear hyperchromasia, moderate anisonucleosis, 
and mild nucleolar enlargement. Mitotic figures are usually 
limited to the lower one-half of the urothelium, but may 
focally rise higher. Superficial cells are usually present, and 
the urothelial cells are predominantly cohesive, although 
variation in cohesion may be present. Some tumors may 
be extremely orderly, reminiscent of grade 1 urothelial car- 
cinoma, with only a small focus of obvious disorder or 
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Figure 9-7 Grade 2 ditethefial carcinoma, 1973 WHO 
classification. 
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grade 2 urothelial carcinoma (grades 2A and 2B), and they 
have been successful in identifying groups of cancers with 
different outcomes.!4°°-5° However, subclassification of 
grade 2 urothelial carcinoma is not recommended, due to 
significant interobserver variability. 


Grade 3 Urothelial Carcinoma 


Grade 3 urothelial carcinoma displays the most extreme 
nuclear abnormality of any papillary urothelial cancer, 
similar to changes observed in urothelial CIS (Figs. 9-10 
to 9-12; see also Chapter 7). The obvious urothelial 
disorder and loss of polarity is present at scanning 
magnification. The superficial cell layer is partially or 
completely absent, and grade 3 urothelial carcinoma is 
accompanied by prominent cellular discohesion. There 


Figure 9-8 Grade 2 urothelial carcinoma, 1973 WHO 
classification. 
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Figure 9-10 Grade 3 urothelial carcinoma, 1973 WHO 


Figure 9-9 Grade 2 urothelial carcinoma, 1973 WHO classification. 


classification. 


atypia. These are considered grade 2 urothelial cancer, rec- 
ognizing that tumor grade is based on the highest level of 
abnormality present. 

The prognosis for patients with grade 2 urothelial 
carcinoma is significantly worse than for those with 
lower grade papillary cancer.!85455 Recurrence risk for 
patients with noninvasive grade 2 urothelial carcinoma 
is 45% to 67%.'8°455 Invasion occurs in up to 20% 
and cancer-specific death is expected in 13% to 20% 
following surgical treatment. Patients with grade 2 urothe- 
lial carcinoma and lamina propria invasion are at even 
greater risk, with recurrences in 67% to 80% of cases, the 
development of muscle invasive cancer in 21% to 49%, 
and cancer-specific death in 17% to 51% of those treated 
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surgically.!8°455 Some authors consider both nuclear 
pleomorphism and mitotic count as criteria for subdividing 


Figure 9-11 Grade 3 urothelial carcinoma, 1973 WHO 
classification. 


classification. 


is obvious loss of normal architecture and cell polarity, 
and frequent atypical mitotic figures. Cellular anaplasia, 
characteristic of grade 3 urothelial carcinoma, is defined 
as increased cellularity, nuclear crowding, random cellular 
polarity, absence of normal mucosal differentiation, 
nuclear pleomorphism, irregularity in cell size, variation 
in nuclear shape, capricious chromatin pattern, increased 
frequency of mitotic figures, and occasional neoplastic 
giant cells.’ Recurrence risk for patients with noninvasive 
grade 3 urothelial carcinoma is 65% to 85%, with invasion 
occurring in 20% to 52% and cancer-specific death in up 
to 35% following surgical treatment.°*° Of surgically 
treated patients with grade 3 urothelial carcinoma and 
lamina propria invasion, 46% to 71% develop recurrences, 
24% to 48% develop muscle invasive cancer, and 25% to 
71% suffer cancer-specific death, emphasizing a need for 
aggressive treatment of these patients.!*!?> 


Histologic Grading According to the 1998 
ISUP/2004 WHO Classification 


The first widely accepted grading system for papillary 
urothelial neoplasms was the 1973 WHO classification 
system.°8 In 1998, a revised system of classifying noninva- 
sive papillary urothelial neoplasms of the urinary bladder 
was proposed.”! This system was subsequently formally 
adopted by the WHO. In 2004, a classification system for 
noninvasive papillary urothelial neoplasms, identical to the 
1998 WHO/ISUP classification system, was adopted in 
Pathology and Genetics of Tumours of the Urinary System 
and Male Genital Organs, one of the WHO “Blue Books” 
for the classification of tumors.°! This new system sepa- 
rates noninvasive papillary urothelial neoplasms into four 
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categories: papilloma, PUNLMP, low grade carcinoma, 
and high grade carcinoma. The recommendations in this 
book reflect the views of a Working Group of urologic 
pathologists assembled at an Editorial and Consensus 
Conference held in Lyon, France, in December 2002. Their 
findings and recommendations were stated to be a work in 


progress.°! 


Urothelial Papilloma 


The diagnostic criteria and terminology are identical to 
those of the 1973 WHO classification.??*8 (See the previous 
section and Chapter 5 for further discussion.) 


Papillary Urothelial Neoplasm of Low Malignant 
Potential 


PUNLMP is a low grade urothelial tumor with a pap- 
illary architecture and a purported low incidence of 
recurrence and_progression.!>-!6!962-6 This lesion is 
defined histologically by the 2004 WHO classification 
system as a papillary urothelial tumor that resembles the 
exophytic urothelial papilloma, but with increased cellular 
proliferation exceeding the thickness of normal urothelium 
(Fig. 9-13). All such tumors would be grade 1 urothelial 
carcinomas by the 1973 WHO grading system. Cytologic 
atypia is minimal or absent and architectural abnormalities 
are slight with preserved polarity. Mitotic figures are 
infrequent and usually limited to the basal layer. Clinically, 
these tumors show a male predominance (3:1) and occur 
at a mean age of 65 years. They are most commonly 
identified during investigation of gross or microscopic 
hematuria. Cystoscopically, these lesions are typically 1 to 
2 cm in greatest dimension, and located on the lateral 
wall of the bladder or near the ureteric orifices. They 
have been described as having a “seaweed in the ocean” 
appearance. 
See the following section for further discussion. 


Figure 9-13 Papillary urothelial neoplasm of low malignant 


potential, 2004 WHO classification. 
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Figure 9-14 Papillary urothelial neoplasm of low malignant 
potential, 2004 WHO classification. 


Low Grade Urothelial Carcinoma 


Low grade papillary urothelial carcinoma shows fronds 
with recognizable variation in architecture and cytology 
(Fig. 9-14).!9°! The tumor consists of slender papillae with 
frequent branching and variation in nuclear polarity. The 
nuclei show enlargement and irregularity with vesicular 
chromatin, and nucleoli are often present. Mitotic figures 
may occur at any level in low grade papillary urothelial 
carcinoma. Such cases would have been considered grade 1 
or grade 2 in the 1973 WHO classification schema. Altered 
expression of CK20, CD44, p53, and p63 is frequent. 
Some tumors are diploid, but aneuploidy is the rule. 
FGFR3 mutations are seen with about the same frequency 
as in PUNLMP.!?°! The male-to-female ratio is 2.9: 1 and 
the mean age is 70 years (range, 28 to 90 years). Most 
patients present with hematuria and have a single tumor 
in the posterior or lateral bladder wall. However, 22% of 
patients with low grade papillary urothelial carcinoma have 
two or more tumors. Tumor recurrence, stage progression, 
and tumor related mortality are 50%, 10%, 13%, and 
5%, respectively. In another series of 215 patients with 
low grade noninvasive papillary urothelial carcinoma, 
17 patients (8%) had grade or stage progression, and 
one patient (0.5%) died of bladder cancer.°’ Grade and 
stage progression occurred in 18% and 7% of patients, 
respectively, in another study. 


High Grade Urothelial Carcinoma 


In high grade papillary urothelial carcinoma, the cells 
lining the papillary fronds show obviously disordered 
arrangement with cytologic atypia (Figs. 9-15 and 9-16). 
All tumors classified as grade 3 in the 1973 WHO 
schema, as well as some tumors assigned grade 2 in 


ee a 
Se at 
x va he a 


Figure 9-15 High grade urothelial carcinoma, 2004 WHO 
classification. 
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Figure 9-16 High grade urothelial carcinoma, 2004 WHO 
classification. 


that classification, would be considered high grade car- 
cinoma in the 2004 WHO classification. The papillae 
are frequently fused. Both architectural and cytologic 
abnormalities are recognizable at scanning power.!? The 
nuclei are pleomorphic with prominent nucleoli and altered 
polarity. Mitotic figures are frequent. The thickness of the 
urothelium varies considerably. CIS is frequently evident 
in the adjacent mucosa. Changes in CK20, p53, and p63 
expressions, as well as aneuploidy, are more frequent 
than in low grade lesions. Molecular alterations in these 
tumors include overexpression of p53, HER2, or EGFR, 
and loss of p21Wafl or p27Kipl as seen with invasive 
cancers. Genetically, high grade noninvasive lesions (pTa 
G3) resemble invasive tumors.!%°! A comparative genomic 
hybridization study showed deletions at 2q, 5q, 10q, and 
18q as well as gains at 5p and 20q.°° Hematuria is common 
and the endoscopic appearance varies from papillary to 


nodular or solid. There may be single or multiple tumors. 
Stage progression and death due to disease are observed in 
as many as 65% of patients.!?*! 


Histologic Grading According to the 1999 
WHO Classification 


The 1999 WHO blue book introduced a new grading 
scheme.” This new classification retained the three-tiered 
numbering system (grade 1, grade 2, and grade 3 carcino- 
mas). However, tumors formerly classified as 1973 WHO 
grade 1 tumors were subdivided into PUNLMP and grade 1 
tumors (Table 9-1). In the 1999 WHO classification, which 
differed from both the 1998 WHO/ISUP and 1973 WHO 
classifications, papillary tumors of the urinary bladder 
were subclassified as papilloma, PUNLMP, and grade 1, 
grade 2, and grade 3 papillary urothelial carcinomas. 
The definition of papilloma remains the same in all new 
grading systems, and is defined as a papillary tumor with 
a delicate fibrovascular stroma lined by cytologically 
and architecturally normal urothelium without increased 
cellularity or mitotic figures.”! 


Should We Abandon PUNLMP2? 


The greatest source of controversy with the WHO 
(2004)/ISUP classification system centers on the diagnosis 
of the PUNLMP.!4!8-5572-75 Some authors consider 
PUNLMP to be an essentially benign tumor with a negli- 
gible progression rate. However, others feel that PUNLMP 
terminology increases the complexity of histologic grading 
and does not accurately reflect biological potential. Since 
PUNLMP is a low grade papillary urothelial tumor with 
a relatively high incidence of recurrence and a low but 
similar progression rate to that of low grade urothelial 
carcinoma, some investigators believe they should be 
considered grade 1 urothelial carcinomas as in the 1973 
WHO grading system. 


What Constitutes a Carcinoma? 


A great deal of the confusion and controversy regarding the 
proper histologic grading of bladder tumors stems from the 
fact that the term “carcinoma” is used routinely to describe 
noninvasive neoplasms in this organ. Nonetheless, the term 
“carcinoma” or “adenocarcinoma” has also been used to 
describe tumors without evidence of invasion in other organ 
systems. Another criticism of the 1973 WHO classifica- 
tion of urothelial tumors is that very low grade noninvasive 
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tumors with a low probability of progressing are labeled as 
“carcinomas,” thus subjecting patients with these tumors to 
psychosocial stigmata as well as financial and insurance 
consequences that follow a diagnosis of cancer. Indeed, 
the creation of the diagnostic category of PUNLMP was 
designed, in part, to free patients with this diagnosis from 
these burdens. However, as detailed above, PUNLMP has 
a reported recurrence rate of up to 60% and a progression 
rate of up to 8%.?527:28.72.76 Thus, a diagnosis of PUNLMP 
carries with it a real and significant potential for an adverse 
clinical outcome similar to low grade noninvasive urothelial 
carcinomas, as defined by the WHO (2004)/ISUP classifi- 
cation system. 

In the study by Cheng et al., the mean interval 
from initial diagnosis of PUNLMP to development of 
an invasive carcinoma was 13.3 years (range, 10 to 14 
years). Therefore, claims that PUNLMP is benign should 
be viewed within the context of length of followup. On 
the other hand, some noninvasive papillary urothelial 
carcinomas (both low and high grade) may never recur or 
progress after removal. Why, then, do these tumors warrant 
a designation as “carcinoma” in the WHO (2004)/ISUP 
classification when many behave as an indolent tumor? 
A greater understanding of urothelial tumor genetics and 
of clinical diagnostic applications may eventually discern 
which genetic derangements are responsible for aggressive 
biological behavior. This molecular prognostic detail 
would allow pathologists to sort out which noninvasive 
tumors should be called “carcinoma.” However, until that 
time, it seems prudent to treat PUNLMP as a low grade 
noninvasive carcinoma and follow these patients closely. In 
the study by Samaratunga et al.,’° a statistically significant 
difference in progression rates was seen for PUNLMP (8%) 
and low grade noninvasive urothelial carcinoma (13%). 
However, based on high reported rates of interobserver 
variability when diagnosing PUNLMP (see below), it may 
not be necessary or clinically justified to create a distinct 
diagnostic category for these low grade urothelial tumors. 
Accumulated data suggest that PUNLMP should be treated 
in a manner similar to low grade noninvasive carcinoma. 
Indeed, there is no consensus recommendation regarding 
the clinical management of patients with PUNLMP. It 
is understood by urologists that 1973 WHO grade 1 
noninvasive tumors have an excellent prognosis. However, 
followup of patients at regular intervals is warranted. The 
length of clinical followup and frequency of surveillance 
cystoscopy should be determined by the clinical behavior 
of these low grade neoplasms over time rather than by 
the histologic grade alone.” Tumors with early recur- 
rence, rapid growth, or evidence of progression should 
have frequent cystoscopy. What, then, is the purpose in 
creating a diagnostic category without a distinct clinical 
management? 
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Recurrence and Progression of PUNLMPs 


Several studies have shown the WHO (2004)/ISUP 
classification to differentiate noninvasive papillary urothe- 
lial tumors into prognostic groups.?””? When applied 
to transurethral resection of bladder tumor specimens, 
this system also predicted the pathologic stage of the 
corresponding cystectomy.8? However, the published 
recurrence and progression rates are conflicting, and some 
studies have shown the prognostic value of the WHO 
(2004)/ISUP system to be limited.?”7? In a series of 112 
patients diagnosed with PUNLMP, with up to 35 years of 
followup (median, greater than 12 years), tumor recurrence 
was observed in 29% of patients.” Seventy-five percent 
of patients with tumor recurrence had a higher tumor 
grade (i.e., low grade or high grade urothelial carcinomas 
according to the WHO (2004)/ISUP classification). The 
stage progression rate was 4%.” This study was criticized 
by some authors because the project was initiated before 
the appearance of the WHO/ISUP 1998 publication.’ 
However, the WHO/ISUP 1998 manuscript was circulated 
among the consensus meeting participants prior to its 
publication. In another study, Samaratunga et al. found that 
PUNLMP and low grade urothelial carcinoma had pro- 
gression rates of 8% and 13%, respectively.”° Recurrence 
and progression rates were 18% and 2% for PUNLMP in 
a recent study.*! 

Similar recurrence and stage progression results were 
subsequently found in additional studies. The tumor recur- 
rence rate after the diagnosis of PUNLMP was reported 
to be 35% in the study by Holmang et al.8* and 47% in 
the study by Pich et al. Holmang et al. concluded that 
PUNLMP and low grade carcinoma have similar risks of 
progression compared to high grade carcinoma.*? In a study 
of 53 PUNLMP tumors with a mean followup period of 
11.7 years, Fujii et al. report a recurrence rate of 60%, with 
34% progressing to low grade carcinoma and 8% progress- 
ing to invasive carcinoma (stage T1).78 In a study of 322 
patients with a mean followup period of 6.6 years, Oost- 
erhuis et al.’? found no difference with regard to tumor 
recurrence or disease progression between patients with 
PUNLMP and patients with low grade urothelial carci- 
noma. They concluded that there are insufficient data to 
justify a different clinical approach or the introduction of a 
new pathologic category. Samaratunga et al.”° studied 134 
patients with noninvasive papillary urothelial tumors from 
Johns Hopkins Hospital and found that both the 1973 WHO 
and WHO (2004)/ISUP grading systems were predictive of 
patient outcome (P = 0.003 and P = 0.002, respectively). 
However, their reported progression rate to invasive disease 
for patients with PUNLMP was the highest in any published 
study.!>-!© With a median followup of 56 months, the 1973 
WHO grade | tumors were found to have a progression rate 
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of 11%, whereas the WHO (2004)/ISUP PUNLMP tumors 
were found to have a progression rate of 8%.’° These data 
indicate that patients with PUNLMP do not have a benign 
neoplasm, but instead have significant risk of tumor recur- 
rence and disease progression. Long-term clinical followup 
is recommended for these patients. 


Interobserver Variability 


Grading systems always involve a degree of subjectivity, 
which affects the interobserver reproducibility. The subjec- 
tive nature of bladder tumor grading was highlighted by 
Coblentz et al., who found 18% of bladder specimens with 
a referring diagnosis of urothelial carcinoma had signifi- 
cant discrepancies from the review pathologist with regard 
to the diagnosis, stage, grade, or tumor histologic type.*° 
Because the reproducibility of grading systems is usually 
tested within small groups of pathologists who have pre- 
viously worked or trained together, an international system 
often has even greater variation than the rates reported for 
interobserver discrepancy for institutional grading systems. 
One of the main goals of the WHO (2004)/ISUP classifica- 
tion was to create a reproducible classification system where 
the histologic criteria for each diagnostic category were 
explained in detail. Noninvasive papillary urothelial neo- 
plasms, formerly classified as urothelial carcinomas grades 
1, 2, and 3 in the 1973 WHO system, are now classified 
according to a new three-tiered system with new terminol- 
ogy. Despite the detailed histologic criteria provided by the 
WHO (2004)/ISUP system for grading, intra- and interob- 
server variability is not significantly different when either 
this system or the 1973 WHO classification is used. In 
fact, Mikuz demonstrated that interobserver agreement was 
higher using the 1973 WHO classification than when using 
either the WHO (2004)/ISUP or 1999 WHO systems.*! 

Yorukoglu et al. assessed the intra- and interobserver 
reproducibility of both the WHO (2004)/ISUP and 1973 
WHO systems by allowing six urologic pathologists to inde- 
pendently review 30 slides of noninvasive papillary urothe- 
lial tumors in a study set. They found that the newer clas- 
sification does not increase the reproducibility.** While a 
moderate and substantial intra- and interobserver repro- 
ducibility was seen with both systems, there was no sta- 
tistical difference (P > 0.05) between the reproducibility 
achieved with either system.” There was disagreement for 
PUNLMP in 52% of cases, and reproducibility was lower 
for low grade tumors in both the WHO (2004)/ISUP and 
1973 WHO systems.*” Similar results were seen by Murphy 
et al., who found a 50% discrepancy among patholo- 
gists when distinguishing PUNLMP from low grade papil- 
lary urothelial carcinoma even after a period of structured 
pathologist education. 

In a recent study, Bol et al. found that agreement 
among three experienced pathologists on the diagnosis 


of PUNLMP was 0%.’4 Using the 1999 WHO classifi- 
cation system, the distribution of papilloma, PUNLMP, 
grades 1, 2, and 3 urothelial carcinoma was 0.8%, 0%, 
50.8%, 25.4%, and 23% after second review by three 
different pathologists.’ Oyasu’? believed that the new 
term “PUNLMP” should not be used in the bladder 
classification considering that bladder cancer is a disease 
of field change and that progression to a high grade cancer 
is a common event among patients who are constantly 
exposed to carcinogens.®73 

The WHO (2004)/ISUP classification replaced a three- 
tiered grading system (1973 WHO) with another three- 
tiered system. It is thus understandable that reproducibility 
is not significantly different. A two-tiered grading system 
may improve the reproducibility, as demonstrated by Lippo- 
nen et al. using morphometry.** Two-tiered grading systems 
have been proposed by Murphy and other investigators. 
However, none of these systems have gained acceptance 
among pathologists and urologists. Perhaps subjective grad- 
ing systems need an intermediate category for cases that are 
not clearly either high or low grade. 


Does PUNLMP Exist in the Upper Urinary Tract? 


Approximately 5% of urothelial tumors occur in the upper 
urinary tract. The classifications of urothelial tumors 
of the renal pelvis and ureter have traditionally been 
similar or identical to that of the urinary bladder. The 
WHO (2004)/ISUP classification system states that the 
grading system for urothelial tumors of the upper urinary 
tract is identical to that employed for bladder tumors 
and states that PUNLMPs may arise from upper urinary 
tract urothelium.”> A 9.3% frequency of 1973 WHO 
grade 1 urothelial carcinomas has been reported in the 
upper urinary tract,8° which would suggest that at least 
some of these lesions would be classified as PUNLMP 
tumors according to the WHO (2004)/ISUP classification. 
However, in several large series, PUNLMP tumors do 
not appear to exist in the upper urinary tract.87°8 In a 
study of 102 renal pelvic urothelial neoplasms, Genega 
et al. did not identify a single PUNLMP.*’ Similarly, 
Olgac et al. examined 130 urothelial tumors of the renal 
pelvis and also did not identify a single PUNLMP.*% 
The vast majority of urothelial tumors occurring in the 
upper urinary tract were found to be carcinomas, most 
of which were high grade.8%88 The rarity of PUNLMP 
tumors in the upper urinary tract suggests either that upper 
urinary tract urothelium is intrinsically different in some 
way from that of the bladder or that these tumors do not 
typically cause symptoms that lead to clinical investigation 
of the upper urinary tract. Alternatively, the high degree of 
interobserver variability and subjectivity that has been seen 
in the grading of low grade urothelial tumors may account 
for their reported absence in the upper tract. It may also 
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be that these lesions come to clinical attention only after 
a progression in grade or stage, which implies that low 
grade tumors, if they exist in the upper urinary tract, have 
the capacity for aggressive biological behavior. It is also 
possible, although it has not been studied, that PUNLMP 
tumors of the upper tract progress more commonly and at 
a faster rate than similar tumors occurring in the urinary 
bladder. Regardless of the reason why PUNLMP tumors 
are so rare (or do not exist) in the upper urinary tract, it 
appears that they have little clinical or pathologic relevance 
when applied to this region of the urothelial tract. 


PUNLMPs and Urinary Cytopathology 


The impact of the WHO (2004)/AISUP classification and 
the effect of PUNLMP diagnoses on urinary cytopathology 
have been studied. It was proposed that the diagnostic sen- 
sitivity of urine cytology for low grade urothelial neoplasms 
would improve with the advent of the WHO (2004)/ISUP 
classification system. The authors of the WHO (2004)/ISUP 
classification hypothesized that PUNLMP tumors would 
be difficult to diagnose by urinary cytopathology because 
of their minimal cytologic atypia, while the majority 
of WHO (2004)/ISUP low grade carcinomas could be 
diagnosed by this method.?! Whisnant et al. studied 86 
transurethral surgical biopsies, representing the spectrum 
of urothelial papillary lesions, and the corresponding urine 
cytology specimens and reported no significant difference 
in the distribution of cytologic diagnoses for PUNLMP 
and low grade papillary urothelial cases (P>0.05).°° 
Curry and Wojcik”? examined 100 bladder biopsies and 
corresponding voided urine specimens and found that the 
cytologic detection of low grade urothelial carcinomas 
was much lower than expected. The sensitivity of urinary 
cytology for low grade lesions did not improve and there 
was no difference in the diagnostic accuracy of urinary 
cytology when the WHO (2004)/ISUP grading system was 
applied to the corresponding biopsy.” The identification 
of FGFR3 gene mutations in urine sediment DNA samples 
may complement standard cytology for low grade bladder 
tumor screening.”! Inability to differentiate PUNLMP 
from low grade carcinoma by urinary cytopathology may 
be another reason for possible elimination of PUNLMP 
terminology in future classification systems. 


Genetics of PUNLMPs 


Development of urothelial carcinoma involves a series 
of successive oncogenic alterations. The early events are 
probably caused by molecular changes in tumor suppressor 
genes, as evidenced by the frequent finding of loss of 
heterozygosity (LOH) at loci on multiple chromosomes 
in these tumors. In a study of 26 cases of PUNLMP, 21 
tumors (81%) showed allelic loss from at least one of 
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five chromosome loci examined by LOH analysis.” In 
addition, concurrent allelic loss of multiple chromosome 
loci involved in urothelial carcinoma was often observed 
in PUNLMP. The incidence and chromosomal location 
of LOH in PUNLMP tumors is comparable to that found 
in urothelial carcinoma. Additional studies are needed 
to determine whether the genetic changes observed in 
PUNLMP affect the biological behavior of these neo- 
plasms, the risk of progression and recurrence, or the 
responsiveness of these tumors to therapy. 


PUNLMP Treatment and Followup 


Because of the high incidence of cancer recurrence (up to 
60%7*) and progression (up to 8%?876) from PUNLMP, 
most urologists treat and followup patients with this 
diagnosis in a manner identical to patients with a diag- 
nosis of low grade noninvasive carcinoma. Patients with 
PUNLMP and noninvasive low grade carcinoma are typ- 
ically treated by transurethral resection and subsequently 
monitored by regular cystoscopy. Frequent followup 
cystoscopies are expensive.?” Soloway et al. showed that 
small, recurrent low grade urothelial tumors are slow 
growing and may be observed rather than subjecting 
patients to repeated transurethral resections.” Studies of 
the recurrence and progression rates of PUNLMP tumors 
recommend long-term clinical followup for patients with 
these lesions.?”28727677 Treatment protocol for PUNLMP 
tumors did not differ from the standard treatment for low 
grade noninvasive urothelial carcinomas. Thus, a diagnosis 
of PUNLMP is no different from one of noninvasive low 
grade papillary carcinoma in terms of clinical management. 

As a result of the risks and expenses of frequent fol- 
lowup cystoscopies, a variety of less invasive and expen- 
sive alternatives have been investigated. The low grade 
nature of PUNLMP, however, makes detection of recur- 
rence difficult without cystoscopy and biopsy. As men- 
tioned above, urine cytology has been used for followup. 
This technique, however, is more effective for monitor- 
ing recurrence of high grade lesions. Immunocytochemical 
analysis of exfoliated urothelial cells for overexpression of 
Lewis X antigen and p53 protein has been investigated as 
an aid to urine cytologic examination; however, both anti- 
bodies suffer from a lack of specificity. Flow cytometry and 
image analysis of exfoliated tumor cells have similarly been 
found to be insensitive techniques for low grade lesions, 
as DNA aneuploidy is more characteristic of higher grade 
neoplasms. Urine assays for soluble elements associated 
with urothelial neoplasia, such as bladder tumor antigen, 
nuclear matrix proteins, fibrin/fibrinogen degradation prod- 
ucts, telomerase, and hyaluronic acid/hyaluronidase have 
also been used to monitor patients for recurrent tumors. 
Fluorescence in situ hybridization (FISH) has also been per- 
formed on urine cytology specimens with promising results 
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for stratifying patients with superficial bladder cancer into 
low and high risk groups for tumor recurrence or progres- 
sion. Additional studies are needed to determine whether 
these techniques are useful in monitoring patients with low 
grade neoplasms, such as PUNLMP. Lotan and Roehrborn 
have proposed a modified followup protocol incorporating 
a urine-based tumor marker alternating with cystoscopy or 
cytology. A prospective randomized trial is needed to vali- 
date this approach.” As of now, flexible cystoscopy is still 
the mainstay of surveillance for patients with a history of 
low grade noninvasive papillary tumors of the bladder. 

A recent study by Mariappan and Smith’ examined 
115 patients with 1973 WHO grade 1, stage Ta disease 
over a period of 19.4 years. They found tumor status at 3 
months to be the strongest prognostic factor for recurrence. 
Of patients without recurrence after five years of followup, 
98.3% remained tumor-free for 20 years. Thus, they 
conclude that patients who are free of recurrence after five 
years can be safely discharged without additional cysto- 
scopic examinations.?> Holmang and Johansson found that 
68% of patients who are tumor-free at the first followup 
cystoscopy remain tumor-free during a followup period 
of five years.?° Others recommend urological followup, 
including cystoscopy, for at least 10 years in patients who 
remain recurrence-free.”* Additional studies are necessary 
to confirm the findings of Mariappan and Smith or Holmang 
and Johansson. Such studies may determine an optimal 
surveillance schedule for patients with low grade noninva- 
sive urothelial tumors, including PUNLMP. Clinical studies 
to determine an optimal length and frequency of followup 
in these patients would be especially important given the 
reported mean interval from initial diagnosis of PUNLMP 
to development of invasive carcinoma was 13 years.’ 
Thompson et al. have shown that superficial, low grade 
urothelial tumors can become muscle-invasive despite care- 
ful surveillance and a long dormant period.?’ The general 
frequency and cause of this phenomenon are unknown. 

Because a uniform grading system will allow for valid 
comparison of treatment results among different centers, 
the advent of the WHO (2004)/ISUP classification is a 
welcome first step toward standardization of treatment and 
followup regimens. Since PUNLMP terminology does not 
change clinical management of low grade noninvasive 
tumors from the 1973 WHO scheme, its terminology is 
confusing to urologists, pathologists, and oncologists, in 
light of its reported high recurrence and progression rates, 
substantial interobserver variability, and overlap with both 
benign papilloma and noninvasive low grade papillary 
carcinoma. Additionally, treatment and followup regimens 
for patients with PUNLMP do not typically differ from 
those prescribed for low grade, noninvasive urothelial 
carcinoma, further minimizing the clinical need for the 
PUNLMP distinction to be made. 


We propose to abandon the terminology “papil- 
lary urothelial neoplasm of low malignant potential 
(PUNLMP)” in bladder tumor classification (see further 
discussion below). 


Histologic Grading of Urothelial 
Carcinoma: Current Proposal 


The histopathologic grade of urothelial tumors is one of 
the best predictors of biological behavior. The criteria 
for pathologic grading of noninvasive papillary urothelial 
neoplasms have been a source of controversy for many 
decades.°® Numerous classification schemes have been 
proposed, but the most widely accepted and used is the 
1973 WHO classification.*® The major criticism of this 
classification scheme is vague and poorly defined mor- 
phologic criteria for grading these neoplasms. Because no 
clearly defined cutoff points between the different grades 
were defined in the 1973 WHO classification system, there 
is considerable debate among pathologists concerning 
the proper assignment of grade in noninvasive urothelial 
tumors, especially those falling into the grade 1 and 
grade 2 categories. This has resulted in a lumping of cases 
into the grade 2 category with a wide range of reported 
incidences for grade 2 carcinomas, ranging from 13% 
to 69%.'8 There is inevitably a degree of heterogeneity 


WHO 1973 
Grade 1 
Grade 2 
Grade 3+ 

WHO/ISUP 


Proportion surviving 
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within the grades when comparing studies using the 1973 
WHO classification. 

In 1998, the WHO/ISUP proposed a new consensus clas- 
sification system (WHO/ISUP 1998) intended to provide 
better morphologic criteria for grading, to achieve better 
standardization, and to avoid using the term “carcinoma” 
for tumors with a very low probability of progressing or 
recurring.”! The diagnostic category of PUNLMP was 
created to achieve these goals. In 1999, within a 12-month 
period from publication of the WHO/ISUP 1998 system, 
the WHO again changed their preferred classification 
system (1999 WHO) to closely mirror the three-tiered 
1973 WHO grading system, preserving PUNLMP as the 
lowest risk category. Considering the discussion above on 
the biologic behavior and the molecular characteristics of 
PUNLMP, it seems evident that PUNLMP is an indolent 
variety of what we generally regard as “carcinoma.” A 
diagnosis of PUNLMP implies a real and significant poten- 
tial for an adverse clinical outcome that does not differ 
greatly from that of 2004 WHO low grade noninvasive 
urothelial carcinomas. In a series of 504 patients with 
noninvasive urothelial tumors, Schned and his colleagues 
found no clear advantage of the 2004 WHO grading 
system over the 1973 WHO grading system.”? With a 
mean followup of 7.2 years (range, 3 to 11 years), five-year 
survival for PUNLMP (94%) was essentially identical to 
that of low grade urothelial carcinoma (93%) (Fig. 9-17). 


Papillary urothelical neoplasm - low malignant potential 
Papillary urothelical carcinoma - low grade 
Papillary urothelical carcinoma - high grade 


0 1 2 3 4 


6 7 8 9 10 11 


Length of follow-up (years) 


Figure 9-17 Kaplan—Méeéier survival probability curves in 504 bladder cancer patients: comparison of WHO (1973) and 
WHO/ISUP classification schemes. Solid lines illustrate survival curves for categories of WHO (1973) classification. Dashed lines 
illustrate survival curves for categories of WHO/ISUP classification. Note that the survival curve of LGPUC, a category comprised 
of subsets of grade 1 and grade 2 tumors in the WHO classification, falls as expected between survival curves of grade 1 and 
grade 2 tumors. Followup was defined as the date of diagnosis until the death of the patient or the date of the last followup. (From 


Ref. 99; with permission.) 
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Speculations about the psychosocial burdens of a carci- 
noma diagnosis are unproven. It is difficult to accept the 
rationale behind retaining three categories of noninvasive 
papillary urothelial tumors in the new 2004 WHO system, 
yet giving them new and unfamiliar names. What benefit 
is there to calling two categories carcinoma while being 
ambivalent about the third category (PUNLMP), which, by 
many criteria, qualifies as a “carcinoma”? 

In the current proposal, noninvasive papillary urothe- 
lial tumors are separated into five categories: papilloma, 
grade 1 urothelial carcinoma (low grade), grade 2 urothe- 
lial carcinoma (low grade), grade 3 urothelial carcinoma 
(high grade), and grade 4 urothelial carcinoma (high grade) 
(Tables 9-1 to 9-3; Figs. 9-18 to 9-20). PUNLMP is clas- 
sified as “grade 1 urothelial carcinoma (low grade).” 


Urothelial Papilloma 


The diagnostic criteria and terminology are identical to 
those defined in the 1973 and 2004 WHO classification 
(Figs. 9-21 and 9-22). See Chapter 5 for further 
discussion.” 


Grade 1 Urothelial Carcinoma (Low Grade) 


The diagnostic criteria are identical to those defined in 
the 1998 WHO/ISUP and 2004 WHO classification for 
PUNLMP.”°?!_ We propose to change the terminology 
of PUNLMP to “grade 1 urothelial carcinoma (low 
grade)” (Figs. 9-23 to 9-25; see also the section “Should 
We Abandon PUNLMP?”). The key difference between 
papilloma and grade 1 urothelial carcinoma (low grade) 
is the number of epithelial layers covering the papillae 
(Fig. 9-26; Tables 9-2 and 9-3). 


Grade 2 Urothelial Carcinoma (Low Grade) 


The diagnostic criteria are identical to those defined in the 
1998 WHO/ISUP and 2004 WHO classification for low 
grade urothelial carcinomas.”??! These tumors are char- 
acterized by an overall orderly appearance but with areas 
of variation in architectural and cytologic features recog- 
nizable at scanning power (Figs. 9-27 to 9-31). They are 
differentiated from grade | urothelial carcinoma (low grade) 
by the presence of easily recognizable cytologic atypia, 
including variation of polarity and nuclear size, shape, and 
chromatin texture. Mitotic figures are infrequent and may 
be seen at any level of the urothelium. 


Grade 3 Urothelial Carcinoma (High Grade) 


We feel that the spectrum of high grade urothelial carcino- 
mas under the 2004 WHO classification scheme are quite 
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broad, and there is a need to separate these tumors for fur- 
ther investigation. The grade 3 urothelial carcinomas (high 
grade) display an intermediate degree of architectural and 
cytologic abnormality between grade 2 urothelial carcino- 
mas (low grade) and grade 4 urothelial carcinomas (high 
grade) (Figs. 9-32 to 9-35). Architectural disorder in these 
tumors is obvious, with branching and bridging of papillary 
projections. Nevertheless, a certain degree of polarity and 
nuclear uniformity is still discernible. Severe anaplasia is 
not seen in these tumors. Most grade 3 urothelial carcino- 
mas (high grade) would be classified as grade 2 urothelial 
carcinoma using the 1973 WHO classification scheme.** 


Grade 4 Urothelial Carcinoma (High Grade) 


The diagnostic criteria are the same as in the 1973 and 1999 
WHO classification for grade 3 urothelial carcinomas.**-”? 
These tumors present an overall impression of complete 
architectural disorder with absence of polarity, loss 
of superficial umbrella cells, and marked variation of 
all nuclear parameters (Figs. 9-36 to 9-38). Numerous 
irregularly distributed mitotic figures are frequently noted 
(Figs. 9-39 and 9-40).3870 Cases with nuclear anaplasia are 
also considered grade 4 urothelial carcinoma in the current 
proposal (Figs. 9-40 to 9-42). These cases are typically 
associated with stromal invasion and advanced-stage 
bladder cancer. 


Grading of Invasive Bladder Carcinoma 


Invasive tumors are invariably high grade (grade 3/4 in 
current classification) (Fig. 9-43). Some cases also exhibit 
marked anaplasia with focal giant cell formation (Figs. 
9-40 to 9-42), although low grade (grade 2) urothelial 
carcinoma may also display invasive behavior (Fig. 9-44). 
Some invasive urothelial carcinomas exhibit vascular inva- 
sion (see Chapters 10, 11, and 25 for further discussion). 
The most important morphology-based prognostic factors 
for advanced bladder cancer are tumor stage and lymph 
node status. In an attempt to identify new parameters to 
assess bladder cancer prognosis, Jimenez et al.'° recently 
introduced a new morphologic classification of invasive 
bladder tumors distinguishing three patterns of growth 
(nodular, trabecular, and infiltrative) (Figs. 9-45 to 9-47). 
Tumors with an infiltrative growth pattern are associated 
with a worse prognosis than tumors displaying a nodular 
or trabecular growth pattern. 


Tumor Heterogeneity 


The WHO (2004)/ISUP system provides clearly defined his- 
tologic criteria for each diagnostic category, but urothelial 
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Table 9-2 Diagnostic Criteria for the Newly Proposed Grading System of Urothelial Carcinoma of the Bladder 


Characteristics 


Increased cell layers (>7) 
Superficial umbrella cells 
Polarity/overall architecture 


Clear cytoplasm 
Nuclear size 


Nuclear pleomorphism 


Nuclear polarization 


Nuclear hyperchromasia 


Nuclear grooves 
Nucleoli 


Mitotic figures 


Stromal invasion 


Grade 17 
(Low Grade) 
Yes 
Present 
Normal 
May be present 


Normal or slightly 
increased 

Uniform, slightly 
elongated to oval 


Normal to slightly 
abnormal 
Slight or minimal 


Present 


Absent or 
inconspicuous 


None/rare, basal 
location 


Rare 


Grade 2 
(Low Grade) 
Variable 
Often present 
Mildly distorted 
May be present 
Mildly increased 


Mild, round to oval 
with slight 
variation in shape 
and contour 

Abnormal 


Mild 
Present 


Inconspicuous 


May be present, at 
any level 


Uncommon 


Grade 3 
(High Grade) 
Variable 
Often absent 
Moderately distorted 
Usually absent 
Moderately increased 


Moderate 


Abnormal 


Moderate 
Absent 


Enlarged, often 
prominent 


Often present 


May be present 


Grade 4 
(High Grade) 
Variable 
Usually absent 
Severely distorted 
Absent 
Markedly increased 


Marked 


Absent 


Severe 
Absent 


Multiple prominent 
nucleoli 


Prominent and 
frequent, atypical 
forms 


Often present 


“These tumors are classified as PUNLMP, “papillary urothelial neoplasm of low malignant potential,” in the 2004 WHO classification system. 
(From Ref. 2; with permission.) 


Table 9-3 Differential Diagnosis of Urothelial Papilloma and Grade 1 (Low Grade) Urothelial Carcinoma? 


Age 


Gender (male-to-female ratio) 


Size 


Microscopic findings 


Well-formed papillae 


Thickness of urothelium 


Superficial umbrella cells 


Cytology 


Nuclear enlargement 


Nuclear hyperchromasia 


Chromatin 
Nucleolar enlargement 
Nuclear pleomorphism 


Mitotic figures 


Stromal invasion 


Urothelial Papilloma 


Younger 
22 | 
Small, usually <2 cm 


Present 

<7 layers 
Present 
Minimal or absent 
Rare or none 
Rare or none 
Fine 

Absent 
Absent 
None 
Absent 


Grade 1 (low grade) 
Urothelial Carcinoma 
Older 
324 
Typically larger than papilloma 


Present, rarely fused 

>7 layers 

Usually present 

Mild 

None or slightly enlarged 
Slight or minimal 

Fine, slightly granular 
Absent or inconspicuous 
Absent 

Rare or basal location 
Rare 


*Grade 1 (low grade) urothelial carcinoma in the newly proposed grading system corresponds to those previously classified “papillary urothelial 


neoplasm of low malignant potential” (PUNLMP) in the 2004 WHO classification system. 
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Figure 9-18 Histologic grading of urothelial carcinoma, new proposal. (A) Grade 1 urothelial carcinoma (low grade); (B) grade 2 
urothelial carcinoma (low grade); (C) grade 3 urothelial carcinoma (high grade); (D) grade 4 urothelial carcinoma (high grade). 
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Figure 9-19 Comparison of the 1973 and 2004 WHO classification with the current proposal for grading of urothelial carcinoma. 
The 1973 WHO grade 1 carcinomas are reassigned, some to the PUNLMP category and some to the low grade carcinoma 
category. Similarly, 1973 WHO grade 2 carcinomas are reassigned, some to the low grade carcinoma category, and others to the 
high grade carcinoma category. All 1973 WHO tumors are assigned to the high grade carcinoma category. In the current proposal, 
PUNLMP and low grade tumors have been reassigned as grade 1 and grade 2 tumors. The high grade tumors (WHO 2004) have 
been further divided into grade 3 and grade 4 tumors in the new proposal. (From Ref. 2; with permission.) 
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WHO 1973 Current Proposal WHO 2004/ISUP 
Grade 1 <=————-_ Grade 1 PUNLMP 
Sa (low grade) 
Grade 2 =————._- Grade 2 Low grade 
my (low grade) 
39 Grade 3 
(high grade) 
Grade 3 High grade 
aa Grade 4 e- 
(high grade) 


Figure 9-20 Comparison of various grading systems. The 
1973 WHO grade 1 carcinomas are reassigned, some to the 
PUNLMP category, and some to the low grade carcinoma 
category. Similarly, 1973 WHO grade 2 carcinomas are 
reassigned, some to the low grade carcinoma category and 
others to the high grade carcinoma category. All 1973 WHO 
tumors are assigned to the high grade carcinoma category. In 
the current proposal, PUNLMP has been reassigned as 

grade 1 tumor; 2004 low grade urothelial carcinoma has been 
reassigned as grade 2 urothelial carcinoma; and 2004 high 
grade urothelial carcinoma has been divided into grade 3 and 
grade 4 urothelial carcinomas. Grade 4 urothelial carcinomas 
are more commonly associated with invasion. (From Ref. 2; 
with permission.) 


Figure 9-21 Urothelial papilloma. 


neoplasms frequently demonstrate features of more than 
one grade (Figs. 9-47 and 9-48). The grading of papil- 
lary urothelial tumors is typically based on the worst grade 
present. However, cancer heterogeneity could have a signif- 
icant impact on patient outcome. Cheng et al.’? examined 
164 patients with stage Ta urothelial tumors and found 
that approximately one-third of tumors had areas consis- 
tent with more than one histologic grade. They graded both 
the primary and secondary patterns of tumor growth by 
the WHO (2004)/ISUP criteria with PUNLMP, low grade 
carcinoma, and high grade carcinoma patterns, receiving 


Figure 9-23 Grade 1 urothelial carcinoma (low grade), 
current proposal. 


scores of 1, 2, and 3, respectively. Each tumor was then 
evaluated by a combined scoring system on a scale of 
2 to 6. With a median followup of 9.2 years, the prog- 
nosis of patients with a combined score of 6 (the entire 
tumor consisting of high grade carcinoma) was consider- 
ably worse than those with a combined score of 5 (a tumor 
consisting of low grade and high grade carcinoma) (26% 
10-year progression-free survival versus 68% 10-year pro- 
gression free survival, P = 0.02) (Figs. 9-49 and 9-50).” 
The significant survival difference (42%) between score 5 
and score 6 groups may suffice to warrant different manage- 
ment strategies in appropriate settings. Subsequent studies 
have confirmed that combined scoring systems may be use- 
ful in the grading of bladder tumors.!°! Grading should 
take cancer heterogeneity into consideration because prog- 
nostic accuracy was increased when both the primary and 
secondary grades were applied.” 
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Figure 9-24 Grade 1 urothelial carcinoma (low grade), Figure 9-26 Comparison of grade 1 urothelial carcinoma 

current proposal (A and B). (low grade) (A) and urothelial papilloma (B). The key 
difference is the lesser number of cell layers covering the 
papillae in papilloma. 


Figure 9-25 Grade 1 urothelial carcinoma (low grade), 
current proposal. 


Figure 9-27 Grade 2 urothelial carcinoma (low grade), 
current proposal. 
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Figure 9-28 Grade 2 urothelial carcinoma (low grade), Figure 9-31 Grade 2 urothelial carcinoma (low grade), 
current proposal. current proposal. Note the ‘‘bull’s-eye’”’ features in the 


superficial umbrella cells. 
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Figure 9-29 Grade 2 urothelial carcinoma (low grade), Figure 9-32 Grade 3 urothelial carcinoma (high grade), 
current proposal. current proposal. 
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Figure 9-30 Grade 2 urothelial carcinoma (low grade), Figure 9-33 Grade 3 urothelial carcinoma (high grade), 
current proposal. Note the intracytoplasmic lumina. current proposal. 
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Figure 9-34 Grade 3 urothelial carcinoma (high grade), 
current proposal. Note the hyalinized fibrovascular core. 
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Figure 9-37 Grade 4 urothelial carcinoma (high grade), 
current proposal. 
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Figure 9-35 Grade 3 urothelial carcinoma (high grade), 
current proposal. Note the cytoplasmic eosinophilia. 


Figure 9-36 Grade 4 urothelial carcinoma (high grade), 
current proposal. current proposal (A and B). 
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Figure 9-39 Grade 4 urothelial carcinoma (high grade), cur- 
rent proposal. Note the atypical mitotic figures. 
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Figure 9-40 Grade 4 urothelial carcinoma (high grade), cur- 
rent proposal. Note the atypical mitotic figures and nuclear 
anaplasia. 


Figure 9-41 Grade 4 urothelial carcinoma (high grade), cur- 
rent proposal. Note the nuclear anaplasia. 


Figure 9-42 Grade 4 urothelial carcinoma (high grade), cur- 
rent proposal. Note the nuclear anaplasia. 


Figure 9-43 Invasive grade 4 urothelial carcinoma (high 
grade), current proposal. Note the atypical mitotic figures. 


Neither the WHO (2004)/ISUP system nor the 1973 
WHO system takes tumor heterogeneity into account; how- 
ever, the 1973 WHO system does allow a greater amount 
of diagnostic flexibility in that tumors are frequently clas- 
sified as grade 1/2 or grade 2/3. This added flexibility may 
actually give a more accurate representation of the tumor 
histology than attempting to force a lesion into a single 
diagnostic category. Future investigation is needed to fully 
address the impact of tumor heterogeneity on clinical out- 
come. 


Molecular Grading 


Several molecular classifications have been reported in the 
literature, and current genetic data support two major path- 
ways, corresponding to two morphologically defined enti- 
ties (see Chapters 29 to 34 for further discussion).+° The 
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Figure 9-44 Invasive urothelial carcinoma, grade 2 (low 
grade), current proposal (A and B). 


Figure 9-45 Invasive urothelial carcinoma, infiltrative 
growth pattern. 
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Figure 9-46 Invasive urothelial carcinoma, trabecular 
growth pattern. 
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Figure 9-47 Invasive urothelial carcinoma with solid growth 
pattern. Note the various degrees of differentiation in the 
same field. 
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Figure 9-48 Heterogeneity of histologic grade. Note the 
various degrees of differentiation in the same field. 
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Figure 9-49 Kaplan-Meier survival curve for 164 patients 
with noninvasive papillary urothelial carcinoma of the 
bladder (classified as Ta). None of the patients had previous 
or coexistent urothelial carcinoma in situ or invasive 
carcinoma. Progression was defined as the development of 
invasive carcinoma, distant metastasis, or death from bladder 
cancer. Numbers in parentheses represent numbers of patients 
under observation at three, five, and seven years. (From Ref. 
79; with permission.) 


genetically stable category includes low grade (grade 1 
and some grade 2, 1973 WHO schema) noninvasive papil- 
lary tumors.!°-!8!9.22-32 The genetically unstable category 
contains high grade (some grade 2 and all grade 3, 1973 
WHO schema) noninvasive CIS, and invasively growing 
carcinomas (stages T1 to T4). Noninvasive low grade blad- 
der neoplasms have few genomic alterations and should be 
viewed as genetically stable. 

The natural history of urothelial neoplasia shows that 
bladder cancer is actually two diseases. The first is low 
grade papillary noninvasive urothelial tumors (PUNLMP 
and low grade) previously classified as grade 1. These 
are characterized by genetic stability with common chro- 
mosome 9 alterations and (FGFR3) mutations.*!3? These 
tumors have a high propensity to recur but rarely invade 
or metastasize. The second type of bladder cancer is the 
high grade lesion that originates as urothelial dysplasia 
and begins as CIS or high grade noninvasive papillary 
carcinoma (grade 3 and some grade 2, 1973 WHO schema). 
They have common alterations at the 7P53 and RB tumor 
suppressor genes. Both types of neoplasm can develop in 
the same patient, either simultaneously or sequentially. 

The morphological grades of bladder cancer are influ- 
enced by molecular events involved in carcinogenesis. The 
morphological criteria used for bladder cancer grading have 
been updated continuously over the past few decades. The 
current bladder cancer classification of urothelial neoplasms 
was based on an attempt to reconcile molecular genetic and 
pathologic findings. Most of the WHO 2004 categories have 
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been validated successfully by expression and genome pro- 
filing and by identification of distinctive genetic alterations. 

Mutations in the FGFR3 and TP53 genes define two 
independent and distinct pathways in superficial papillary 
and invasive or flat urothelial carcinomas.*+°!0-!03 Tumors 
characterized by these two pathways have markedly differ- 
ent biological behaviors and clinical outcomes. Activating 
point mutations of the FGFR3 gene have been demon- 
strated in a number of malignancies, including urothelial 
carcinomas,' and in a variety of skeletal anomalies. 
Several studies have examined the importance of these 
FGFR3 gene mutations in urothelial carcinomas.!0?-104 
FGFR3 mutations are seen most commonly in noninva- 
sive papillary tumors (stage Ta), including papillomas, 
PUNLMPs, and low grade carcinomas. This mutation 
is associated with a favorable disease course.!°? High 
grade and high stage urothelial neoplasms and flat CIS 
rarely show these mutations but have frequent inactivating 
mutations of TP53 or RB. Thus, molecular analysis of 
bladder tumors for FGFR3 mutations may eventually 
serve as a means for predicting clinical outcome. van 
Rhijn et al. found FGFR3 mutation status to be a stronger 
predictor of decreased recurrence than stage and grade 
(P = 0.008).'!° Their results suggest that the frequency of 
followup cystoscopies could be reduced for patients with 
tumors harboring FGFR3 gene mutations. 

In the grading study of Lamy et al., FGFR3 mutations 
were detected in 54% of grade 1 and 85% of grade 2 but in 
only 20% of grade 3 tumors. TP53 mutations were found in 
26% of grade 1/2 tumors but in 44% of grade 3 tumors.!°° 
The data suggest that pathologic grading alone may not 
predict tumor behavior accurately. 

In a prospective study, Burger et al. analyzed Ki67 
expression and FGFR3 status in urothelial carcinomas 
from 221 patients. Pathologic grading was performed 
according to the WHO classification systems of 1973 
and 2004, and molecular grading was done using FGFR3 
mutation status and Ki67 expression levels. Grade | tumors 
showed a 65% incidence of FGFR3 mutation and a 6% 
incidence of a high Ki67 index; grade 2 tumors showed a 
67% incidence of FGFR3 mutation, and 35% had a high 
Ki67 index. Only 9% of grade 3 tumors showed FGFR3 
mutation, and 16% had high Ki67 indices. In multivariate 
analyses, either the 1973 or 2004 WHO grading system 
was a Statistically significant and independent predictor of 
progression. !07 

Molecular grading may discriminate high risk cases 
from low risk cases in patients with similar pathological 
grades (Figs. 9-51 and 9-52).346-108 Combining morpho- 
logical and molecular grading markers may allow better 
risk stratification for patients with bladder cancer. In a 
study of FGFR3 mutation status and three molecular 
markers (Ki67, p53, and p27Kip!) on 286 patients with 
primary urothelial carcinoma, van Rhijn et al. determined 
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Figure 9-50 Kaplan-Meier survival curves for 164 patients with noninvasive papillary urothelial carcinoma of the bladder 
(classified as Ta) according to (A) worst grade, (B) primary grade, (C) secondary grade, and (D) combined primary and secondary 
grades. Histologic grading was performed according to the newly proposed World Health Organization and International Society 
of Urological Pathology (WHO/ISUP) grading system.1 The primary (most common) and secondary (second most common) grades 
were evaluated for each tumor, and combined scores were derived from the summation of primary and secondary grades. Scores 
of 1, 2, and 3 were assigned to papillary urothelial neoplasms of low malignant potential (PUNLMP), low grade urothelial 
carcinomas, and high grade urothelial carcinomas, respectively. Numbers in parentheses represent numbers of patients under 
observation at three, five, and seven years. (From Ref. 79; with permission.) 
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Figure 9-51 FGFR3 and TP53 mutations according to tumor grade (A) and pathology stage (B) based on available literature. 
(From Ref. 4; with permission.) 
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Figure 9-52 Molecular grading of urothelial carcinomas. The grading of urothelial carcinomas encompasses a continuous 
spectrum, both molecularly and morphologically. Histological grading according to the severity of atypia is shown on the 
horizontal bar with progression from green to red; molecular grading reflects the severity of molecular alterations, and is shown in 
the vertical bar, gradient from blue to red. The blue curve represents the probability of significant molecular alterations in tumors 
exhibiting morphologic features commensurate with their degree of architectural and cytologic atypia (grade) at each point along 
the grading spectrum. The blue curve, as it proceeds from green to red zones, may more precisely define tumor behavior. (From 


Ref. 4; with permission.) 


the reproducibility of pathologic grade and molecular vari- 
ables. FGFR3 mutations were detected in 88% of grade 
1 urothelial carcinomas, in contrast to 16% of grade 3 
tumors. Conversely, aberrant expression patterns of Ki67, 
p53, and p27Kip! were seen in 5%, 2%, and 3% of grade 
1 tumors and in 85%, 60%, and 56% of grade 3 tumors, 
respectively. Three molecular grades (mG) could be 
identified: mG1 had FGFR3 mutation, normal expression, 
and portended a favorable prognosis. The intermediate 
grade, mG2, has either mutated FGFR3 or elevated Ki67 
and was associated with an outcome intermediate between 
mG1 and mG3 tumors; and mG3 tumors with wild type 
FGFR3 and high expression of Ki67 were associated 
with a poor clinical outcome.!°? The molecular variables 
were more reproducible than the pathologic grade (85% 
to 100% agreement between determinations versus 47% 
to 61% for different morphological grading). Molecular 


grading provides a new, simple, and highly reproducible 
tool for clinical decision making in bladder cancer 
patients. 

Differential gene expression profiles may also be used 
to stratify tumor grade.!°8 Microarray data show clear 
distinctions between low grade and high grade tumors in 
bladder washing samples in a study of patients with low 
grade and high grade urothelial carcinomas.!!? Catto et al. 
studied the profiles of 322 miRNAs in 78 normal or malig- 
nant urothelial samples and found that miRNA alterations 
occurred in a tumor phenotype-specific manner.!!! High 
grade urothelial carcinomas were characterized by miRNA 
upregulation, including miRNA-21, which suppresses 
p53 function. Low grade urothelial carcinomas, on the 
other hand, were characterized by downregulation of 
miRNA-99a and miRNA-100, which lead to upregulation 
of FGFR3 even before its mutation.!!! 
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A retrospective study was performed to evaluate dif- 
ferences in chromosomal aberrations in recurrent urothe- 
lial carcinomas. The number of chromosomal aberrations 
differed significantly between tumor grades, regardless of 
whether grading was done using 1973 or 2004 WHO grad- 
ing parameters.'!? The most frequent gains of chromosomal 
material were found on 19p, 7q, 16, 19q, 8q, 12q, and 20 
and the most frequent losses of chromosomal material were 
detected on 9, 13q, 5q, 8p, Llp, and 18q. Chromosomal 
aberrations correlated well with either grading system. High 
grade tumors showed aberrations usually associated with 
higher grade chromosomal alteration panels (1p+, 16p+,—2 
and —5q) and poor clinical outcome. Polysomy of chromo- 
some 17 by FISH was not seen in grade | tumors, but was 
seen in 8/29 grade 2 tumors and 29/29 grade 3 tumors.!!? 

Distinct molecular pathways for superficial papillary 
urothelial carcinoma and flat invasive urothelial carci- 
noma are well established. Molecular markers efficiently 
distinguish low grade bladder tumors from high grade 
tumors.*:!°? Low grade (grade 1 to grade 2) tumors possess 
few molecular alterations apart from deletions involving 
chromosome 9 and activating mutations of the FGFR3. 
However, loss of 11p and inactivation of TP53 is more 
commonly seen in tumors of higher grade.!°” 

Some studies have examined CK20 expression in 
urothelial tumors and urothelial dysplasia. CK20 immuno- 
histochemistry has been suggested to be a useful adjunct 
to hematoxylin and eosin in the diagnosis of urothelial 
dysplasia and for predicting malignant potential in low 
grade urothelial tumors.!'* Alsheikh et al. investigated 
CK20 expression in 49 stage Ta papillary tumors of the 
bladder (20 PUNLMPs and 29 low grade carcinomas) and 
found a lower recurrence rate among tumors with normal 
CK20 expression versus those with an abnormal pattern 
of CK20 expression.” However, a significant number 
of PUNLMPs with a normal CK20 expression pattern 
(20%) recurred.°* Thus, CK20 immunohistochemistry is an 
unreliable method for identifying tumors with a sufficiently 
low likelihood of recurrence to change the recommended 
clinical management. 

Several studies have demonstrated a positive correlation 
between immunohistochemical expression of p53 or 
mutations of the 7P53 gene and tumor grade and stage. 
Similarly, expression of Ki67, a marker of proliferative 
activity, has been shown to correlate with the growth rate 
of urothelial carcinomas, with tumor grade, and with tumor 
stage. Yin and Leong analyzed 84 noninvasive papillary 
urothelial tumors with immunostains for CK20, Ki67, 
and p53. They found that each of the biomarkers and the 
probability of tumor recurrence was significantly different 
between the WHO (2004)/ISUP system and the 1973 
WHO system.'!> By contrast, Karakok et al. found no 
significant association between p53 expression and grade 
when the WHO (2004)/ISUP criteria were applied.'!® 
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The value of many additional biomarkers and molec- 
ular findings for grading urothelial neoplasms have 
been studied. High molecular weight cytokeratin (348E12) 
immunohistochemistry to assess basal cell status, p21/WAF 
expression, combined CK20 and CD44 expression patterns, 
pRb expression, proliferating cell nuclear antigen (PCNA) 
expression, DNA content and ploidy, cellular apoptosis 
information, and karyotyping have all been examined as 
potential aids in the grading of bladder tumors with both 
promising and discouraging results. Additionally, nuclear 
morphometry, assessment of mitotic indices, cytometry, 
and image analysis have been applied to the grading of 
these tumors. Despite these studies, classical descriptive 
morphology remains essential to the assessment of tumor 
grade and probability of recurrence and progression. 

Recent studies using single-strand conformation poly- 
morphism analysis, DNA sequencing, and full genome 
expression analysis have identified specific molecular 
markers and a 45-gene molecular signature present in 
superficial bladder tumors. These newer methods may 
facilitate molecular grading of urothelial carcinoma and 
may make it possible to identify patients with a high 
risk of disease progression at an early stage.!!’ It is not 
possible to distinguish which noninvasive papillary tumors 
of the bladder will recur or progress based solely on tumor 
histology. Therefore, if patients with tumors that will 
not recur or progress could be selected, overtreatment of 
these individuals may be averted. Other tumors with many 
adverse markers may behave in an aggressive manner 
despite being treated according to standard protocols. 
It is possible that molecular and immunohistochemical 
adjuncts may help in predicting biologic behavior. These 
may eventually be included in a grading scheme once their 
clinical usefulness and reproducibility are well established. 
However, until that time, diagnosis and grading based on 
tumor morphology will continue to be used. 


Future Prospectives 


The clinical behaviors of noninvasive papillary urothelial 
carcinoma are related directly to the degree of archi- 
tectural, cytological, and molecular alterations of the 
neoplastic cells confined within the urothelium. The WHO 
(2004)/ISUP classification is a positive first step toward 
the standardization of urothelial tumor grading. The 
creation of “papillary urothelial neoplasm of low malignant 
potential” has been the most contentious aspect of the 
WHO (2004)/ISUP classification of papillary bladder 
tumors. Studies have shown that this terminology may not 
reflect its true biological behavior and that interobserver 
variability in making this diagnosis is very high, despite 
detailed histologic criteria. Additionally, urine cytology in 
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the context of the WHO (2004)/ISUP classification does 
not appear to effectively discriminate PUNLMP from low 
grade carcinoma. For practical purposes, patients with 
PUNLMP should be managed as patients with low grade 
noninvasive urothelial carcinoma are managed. Many 
issues have been raised regarding the use of either the 
1973 or 2004 WHO grading system. We propose a four-tier 
grading system (grades | to 4) to replace existing grading 
systems. We believe that this proposed grading system 
incorporates the strengths of both the 1973 and 2004 
grading systems. The new grading system is simple to use 
and to apply in daily practice. The use of both numerical 
(grades 1 to 4) and categorical schemes (low vs. high 
grade) in a single grading system will allow better stratifi- 
cation for research purposes and facilitate clinical decision 
making. There are many categorical management decisions 
regarding noninvasive papillary urothelial tumors, such 
as when to administer intravesical antitumor agents, how 
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Stage pT1 Urothelial Carcinoma 


The 2010 tumor, lymph node, and metastasis (TNM) Table 10-1 Histologic Features Useful for the Diagnosis of 
staging system defines pT1 tumors of the bladder as Stromal Invasion 

those invading the lamina propria but not the muscularis 
propria (Figs. 10-1 and 10-2).! The recognition of lamina 
propria invasion by urothelial carcinoma is one of the 


Histologic grade 
Invasive cells are usually higher nuclear grade 


most challenging fields in surgical pathology, and the Invading epithelium 

pathologist should follow strict criteria in its assessment Irregularly shaped nests 

(Table 10-1).2> Clinical management of pT1 bladder Single cell infiltration 

cancer has been reviewed extensively by Soloway.* Irregular or absent basement membrane 
Patients with primary T1 urothelial carcinoma may have Tentacular finger-like projections 


Paradoxical differentiation 


a higher risk of cancer progression than do those patients ; ap ; 
Angiolymphatic invasion 


who initially present with Ta or CIS cancers.> However, 
an earlier study indicated that patients with primary stage Stromal response 
T1 bladder cancers had a higher progression rate than that Desmoplasia or fibrotic stroma 
of those with nonprimary pT1 cancer.° Retraction artifact 
Inflammation 
Myxoid stroma 
Pseudosarcomatous stroma 


Diagnosis of Lamina Propria Invasion 
(pT1 Urothelial Carcinoma) 


Histologic Grade 


Most invasive urothelial carcinomas are high grade tumors 
(Figs. 10-3 and 10-4). While invasion is not necessarily 
an unexpected finding in low grade tumors (Fig. 10-5), 
it is much more commonly encountered in high grade 
lesions, reaching 96% in some series.” In addition, 
the histologic grade of transurethral resection (TUR) 
specimens correlates closely with the pathologic stage at 
cystectomy.’ 


Figure 10-1 Papillary urothelial carcinoma with lamina pro- 
pria invasion (pT1 cancer). 


Stroma-Epithelial Interface 


Tangentially sectioned, densely packed noninvasive pap- 
illary tumors exhibit a stroma-epithelial interface that is 
smooth and regular. In instances of true invasion, one 
is likely to see variably sized and irregularly shaped 
nests or individual tumor cells insinuating through the 
stroma (Figs. 10-6 to 10-10). When the specimen includes 
tangential sections through noninvasive tumor or when 
urothelial carcinoma involves von Brunn nests, the base- 
ment membrane preserves a regular contour, whereas it is 
frequently absent or disrupted in cases of true invasion. 
The smoothness of the stroma—epithelial interface may be 
assessed using hematoxylin and eosin (H&E) stains. In 
some cases, however, additional findings may be helpful; 
for example, there is a parallel array of thin-walled vessels 
that evenly line the basement membrane of noninva- 
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Figure 10-2 Stage pT1 urothelial carcinoma. tumors. 
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Figure 10-5 Grade 2 (low grade) invasive urothelial 
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Figure 10-3 TE pT1 mohd carcinoma (A and B). The 
majority of pT1 urothelial carcinomas are high grade (grade 
3-4 in the new classification; see Chapter 9 for further 
discussion). 
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Figure 10-6 pe pT1 rey carcinoma. Note the 
variable-sized tumor nests. 


Figure 10-4 Stage pT1 urothelial carcinoma. Note the high Figure 10-7 Stage pT1 urothelial carcinoma. Note the 
nuclear grade of the tumor cells and retraction artifact, which variable-sized tumor nests and infiltrating individual tumor 
is relatively common in early invasive bladder carcinoma. cells. 
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Figure 10-8 Stage pT1 urothelial carcinoma. Note the 
infiltrating single tumor cell and retraction artifact. 


Figure 10-9 Stage pT1 urothelial carcinoma. A retraction 
artifact is one of most helpful features in identifying early 
stromal invasion. 


Figure 10-10 Stage pT1 urothelial carcinoma. Note the 
retraction artifact. 


Invading Epithelium 


The invasive front of the neoplasm may show one of several 
features. Most commonly, tumors invade the underlying 
stroma as single cells or irregularly shaped nests of tumor 
cells (Figs. 10-11 and 10-12). Sometimes, tentacular or 
finger-like extensions can be seen arising from the base 
of the papillary tumor (Fig. 10-13). Frequently, the invad- 
ing nests appear cytologically different from cells at the 
base of the noninvasive component. Invasive tumor cells 
often have more abundant cytoplasm and a higher degree 
of nuclear pleomorphism. In some cases, particularly in 
microinvasive disease, the invasive tumor cells may acquire 
abundant eosinophilic cytoplasm. At low to medium power 
magnification, these microinvasive cells seem to be more 
differentiated than the overlying noninvasive disease, a fea- 
ture known as paradoxical differentiation (Figs. 10-14 to 
10-16). 


Stromal Response 


The stromal response to invading carcinoma is not always 
uniformly present in invasive urothelial carcinoma, and the 
diagnosis of invasion may rely on identification of the typ- 
ical characteristics of the invading epithelium. The stro- 
mal reaction in the lamina propria associated with invasive 
tumor may be inflammatory (Figs. 10-17 to 10-19), myxoid 
(Figs. 10-20 and 10-21), or fibrous (Figs. 10-22 and 10-23). 
Assessment of differences in the stromal growth pattern 
provides an important diagnostic clue.8 Although the major- 
ity of bladder tumors with unquestionable lamina propria 
invasion exhibit some sort of stromal reaction, microin- 
vasive disease usually does not, making its identification 
even more difficult. In some cases, retraction artifact around 
superficially invasive individual tumor cells may mimic 
angiolymphatic invasion. This finding is often focal and 
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Figure 10-11 Stage pT1 urothelial carcinoma. Note the 

single cells and irregularly shaped tumor nests. 
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Figure 10-12 Stage pT1 urothelial carcinoma. Note the Figure 10-14 Stage pT1 urothelial carcinoma. Note the 
retraction artifact. paradoxical differentiation. 
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Figure 10-13 Stage pT1 urothelial carcinoma (A and B). ie a 


Note the tentacular or finger-like projects of an early invasive Figure 10-15 Stage pT1 urothelial carcinoma (A and B). 


urothelial carcinoma. Note the paradoxical differentiation. 
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Figure 10-16 Stage pT1 urothelial carcinoma. Note the 
paradoxical differentiation. 
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inflammatory stroma. stroma. 
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Figure 10-21 Stage pT1 urothelial carcinoma with myxoid 
stroma. 


Figure 10-22 Sse pTI urothelial carcinoma with fibrotic 
stroma. 
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Figure 10-23 Stage pTi urothelial carcinoma with fibrotic 
stroma. 


may itself be one of the early signs of invasion into the 
lamina propria. 

Lamina propria invasion may elicit a brisk inflamma- 
tory response. Numerous inflammatory cells in the lamina 
propria often obscure the interface between epithelium and 
stroma. This makes a small nest or single cell invasion dif- 
ficult to recognize. Cytokeratin immunostaining is useful in 
difficult cases (Figs. 10-24 and 10-25). 

Invasive urothelial carcinoma may have a cellular 
stroma with spindled fibroblasts and variable collageniza- 
tion, or a hypocellular stroma with myxoid background 
(Figs. 10-26 and 10-27). Rarely, the tumor induces an 
exuberant proliferation of fibroblasts, which may display 
alarming cellular atypia similar to giant cell cystitis. This 
feature, although a helpful clue to invasion, should not be 
mistaken for the spindle cell component of sarcomatoid 
urothelial carcinoma. Immunostains for cytokeratin are 
helpful in difficult cases although some myofibroblasts 
may also be positive for keratin.” The proliferating stroma 
is usually nonexpansile, being limited to areas around the 
neoplasm, and is composed of cells that have a degenerate 
or smudged appearance. 


Unusual Histologic Patterns of Lamina 
Propria Invasion 


Carcinoma in Situ with Microinvasion (CISmic) 


Invasion may be seen in urothelial CIS (Figs. 10-28 
and 10-29). A recent proposal based on the Ancona 
International Consultation, has suggested a cutoff for 
CISmic of no more than 20 invading cells, measured from 
the stroma—epithelial interface.!° It is useful to recognize 
a number of morphologic patterns of CISmic, including 
single cell invasion, clustered invasive cells with retraction 
artifact, and tentacular extension.” 


Papillary Urothelial Carcinoma with Microinvasion 


Microinvasion of papillary urothelial carcinoma is defined 
in a manner similar to CISmic and its presence should be 
noted in the report (Figs. 10-30 to 10-32).!° The extent of 
microinvasion may also be quantified accurately using a 
micrometer.!!~!3 


Papillary Urothelial Carcinoma with Invasion into the 
“Stalk” 


It is uncommon for papillary urothelial carcinoma to invade 
the stalk of a papilla (Fig. 10-33). Appreciation of this 
pattern requires optimal orientation of the entire papillary 
tumor, which may not always be the case, especially in the 
TUR specimens. 
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Figure 10-24 Stage pT1 urothelial carcinoma. (A) Prominent inflammation at the stroma—epithelial interface may obscure 
isolated cells or small nests of invasive carcinoma. (B) Immmunostaining with anticytokeratin antibodies highlights the 
tumor cells. (C and D) Myofibroblasts and smooth muscle cells may show positive cytokeratin immunoreactivity. The 
intensity of staining, however, is weak and the nuclei are small with indistinct smudged chromatin. (From Ref. 3; with 


permission.) 


Variants of Invasive Urothelial Carcinoma with 
Deceptively Bland Cytology 


Deceptively bland patterns of invasive urothelial carcinoma 
may make recognition of pT1 disease extremely difficult 
in small biopsies (see also Chapter 12).>!4 For example, 
microcystic variant of urothelial carcinoma may mimic cys- 
titis cystica and cystitis glandularis (Fig. 10-34). The nested 
variant of urothelial carcinoma may be confused with von 
Brunn nest hyperplasia, particularly in limited superficial 
biopsies (Figs. 10-35 and 10-36).>!5 Attention should be 
paid to general features useful in assessing invasion, such 
as cytological atypia, infiltrative architecture, desmoplasia, 
and architectural complexity, and pathologists should 


be aware that these signs may be subtle in superficial 
biopsies. 


Invasion in Urothelial Carcinoma with Inverted 
Growth 


A more difficult pattern of invasion is seen in large 
papillary tumors with prominent endophytic growth 
(Figs. 10-37 and 10-38). These carcinomas often invade 
the lamina propria with a pushing border, much akin to 
cutaneous and mucosal verrucous carcinoma. Applying 
strict morphologic criteria for the diagnosis of stromal 
invasion should minimize diagnostic discrepancies among 
pathologists (see Chapter 17 for further discussion). 
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Figure 10-27 Invasive urothelial carcinoma with 
pseudosarcomatous and myxoid stroma. 


Table 10-2 Unusual Histologic Patterns of Lamina Propria 
Invasion 


Carcinoma in situ w 


microinvasion 


Papillary urothelial carcinoma with microinvasion 


cinoma with invasion into the 


Papillary urothelial c 
“stalk” 


Variants of invasive urothelial carcinoma with 


inflammatory response may obscure the interface between the deceptively bland cytology 
epithelium and the stroma. Cytokeratin staining highlights ae p R 
infiltrative tumor cells (B). Invasion in urothelial carcinoma with inverted growth 


Figure 10-26 Invasive urothelial carcinoma with 


pseudosarcomatous stroma. Figure 10-28 Carcinoma in situ with microinvasion. 
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Figure 10-29 Carcinoma in situ with microinvasion. 


Figure 10-31 Papillary urothelial carcinoma with early 
invasion (A and B). 


Figure 10-30 Papillary urothelial carcinoma with early Figure 10-32 Papillary urothelial carcinoma with early 
invasion (A and B). invasion. 


Figure 10-33 Papillary urothelial carcinoma with invasion 
into the stalk. 


Figure 10-34 Microcystic variant of as carcinoma 
(A and B). 
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Figure 10-35 Nested variant of urothelial carcinoma 
(A and B). 


Pitfalls in the Diagnosis of Stage pT1 
Urothelial Carcinoma 


Tangential Sectioning and Poor Orientation 


TUR specimens are excised in a piecemeal fashion. The 
specimens resulting from this procedure are often frag- 
mented with frequent disruption of the tumor architecture, 
and thus may be difficult to orient. Furthermore, due to 
their complex architecture, papillary tumors are inevitably 
tangentially sectioned in multiple planes, resulting in the 
presence of isolated nests of noninvasive tumor cells 
within connective tissue. Smooth, round, and regular 
contours favor tangential sectioning, whereas irregular, 
jagged nests with a haphazard arrangement favor stromal 
invasion. 
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Figure 10-36 Nested variant of urothelial carcinoma 


(A and B). Figure 10-37 Inverted variant of urothelial carcinoma (A 


and B). 
Thermal Injury 


Thermal injury or cautery artifact produces severely 
distorted morphology in TUR specimens (Figs. 10-39 
to 10-41) and is a frequent source of difficulty for the 
pathologist.!©!7 Unfortunately, pathologists have no control 
over this problem, although deeper levels may occasionally 
display better preserved areas. Some cases may also benefit 
from the use of immunohistochemistry with anticytokeratin 
antibodies.!” When this proves unhelpful, an inability to 
render a definitive diagnosis due to thermal effect should 
be stated clearly in the report. 


Obscuring Inflammation 


Papillary tumors may show variable and often brisk 
inflammation at the tumor-stroma interface (Figs. 10-42 
and 10-43). This may obscure isolated cells or small nests 
of invasive tumor. Diagnosis of invasion in some of these Figure 10-38 
cases can be facilitated by immunohistochemical study 
with anticytokeratin antibodies. 


Inverted variant of urothelial carcinoma with 


invasion. 
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Table 10-3 Pitfalls in the Diagnosis of Stage pT1 Urothelial 
Carcinoma 


Tangential sectioning and poor orientation 

Thermal injury 

Obscuring inflammation 

Urothelial carcinoma in situ involving von Brunn nests 


Urothelial carcinoma with endophytic or broad-front 
growth pattern 


Pseudoinvasive nests of benign proliferative urothelial 
lesions 


Muscle invasion indeterminate for the type of muscle . 
(muscularis propria versus muscularis mucosae) Figure 10-40 Thermal artifact in transurethral resection. The 
specimen is uninterpretable. 


b. 


Figure 10-41 Thermal artifact in transurethral resection. 
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Figure 10-39 Transurethral resection with associated 
thermal artifact showing crushed tumor nests infiltrating the 


lamina propria (A). Immunostaining for cytokeratin AE1/AE3 Figure 10-42 Obscuring inflammation in transurethral 
highlights the epithelial nature of the invading nests (B). resection. 
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Figure 10-43 Bizarre stromal cells in an inflamed stroma 

(A and B). These atypical stromal cells may mimic infiltrating 
tumor cells. Cytokeratin immunostaining is helpful in difficult 
cases. These stromal cells were negative for cytokeratin 
staining (not shown). 


Carcinoma in Situ Involving von Brunn Nests 


Tumor cells involving von Brunn nests may also mimic 
lamina propria invasion (Figs. 10-44 and 10-45). This is 
especially problematic when von Brunn nests are promi- 
nent or when they have been distorted by inflammatory or 
cautery artifact (see Chapter 7 for further discussion). 


Urothelial Carcinoma with Endophytic or Broad-Front 
Growth Pattern 


Strict diagnostic criteria for stromal invasion should apply 
in cases of urothelial carcinoma with endophytic or broad- 
front growth pattern. Admission of an inability to identify 
invasion definitively is appropriate in difficult cases with 
suboptimal tissue preservation or orientation. 


Figure 10-44 Urothelial carcinoma in situ involving von 
Brunn nests. The smooth contours are retained. No invasion is 
seen. 


Figure 10-45 Urothelial carcinoma in situ involving cystitis 
glandularis and von Brunn nests. No invasion is seen. 


Pseudoinvasive Nests of Benign Proliferative Urothelial 
Lesions 


In rare cases, benign proliferative urothelial lesions such as 
florid von Brunn nest proliferations, florid cystitis glandu- 
laris, inverted papilloma, and nephrogenic metaplasia mani- 
fest as pseudoinvasive nests of urothelium within the lamina 
propria (Figs. 10-46 and 10-47).!®!° The problem is often 
compounded by lack of orientation and by cautery artifact. 
Pseudocarcinomatous epithelial hyperplasia, typically asso- 
ciated with radiation and chemotherapy, should also occur 
in other settings. The presence of a prominent inflammatory 
background should alert the pathologists to the possibil- 
ity of dealing with those cancer mimickers (Figs. 10-48 
and 10-49; see Chapters 3 and 24 for further discussion). 


Stage pT1 Urothelial Carcinoma 


ee. 
Pn > Bi 
= yale 


ae 


oS ne Vit i> 


Figure 10-46 Florid von Brunn nest proliferations and Figure 10-48 Pseudocarcinomatous epithelial hyperplasia. 
cystitis glandularis. 
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Figure 10-47 Florid von Brunn nest proliferations (A and B). (A and B). 
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Muscle Invasion Indeterminate for the Type of Muscle 


In some cases, invasive tumor is juxtaposed to muscle 
fibers, but due to obscuring factors (i.e., inflammation, tan- 
gential sectioning, cautery artifact, desmoplastic response, 
or poor orientation), it may be difficult to determine 
whether the muscle fibers are from the muscularis mucosae 
or muscularis propria (detrusor muscle) (Figs. 10-50 
to 10-53). Muscularis mucosae is often present in the 
lamina propria and consists of thin and wavy fascicles 
of smooth muscle, which are frequently associated with 
large-caliber blood vessels (also see Chapter 1).27?° 
Occasionally, muscularis mucosae bundles undergo hyper- 
trophy that renders distinction from muscularis propria 
difficult. Smoothelin is a recently identified biomarker 
that facilitates distinguishing muscularis mucosae from 
muscularis propria. Muscularis propria typically displays 
intense and strong smoothelin staining, in contrast to mus- 
cularis mucosae, which has weak or negative smoothelin 
staining.?!~73 


Substaging of Urothelial Carcinoma 


The recurrence and progression rates for pT1 tumors are 
highly variable.23!!:!2425 This is partly due to intrinsic 
difficulty in assessing the presence and extent of invasion. 
There is need for an accurate, easy-to-use, reproducible 
substaging system to stratify pT1 patients into different 
prognostic groups. Several studies have explored the utility 
of evaluating the spatial relationship of invasive tumor 
to the muscularis mucosae for subclassification of pT1 
tumor.”6-32 Others have divided cases between those 
tumors that involve the stromal core of the papillae and 
those that invade the lamina propria. A novel approach 
to substaging pT1 tumors based on the micrometric 
measurement of invasion was recently proposed by Cheng 
et al_1133 

In most instances, the subepithelial connective tissue 
of the bladder is divided by a thin layer of smooth mus- 
cle fibers, referred to as muscularis mucosae (Fig. 10-54). 
The subepithelial layer is thus subdivided into lamina pro- 
pria, superficial to the muscle fibers, and a submucosal 
layer, located between the muscularis mucosae and muscu- 
laris propria. The importance of identification of the mus- 
cularis mucosae has been emphasized for the substaging 
of pT1 disease.?°-32 Microscopically, muscularis mucosae 
fibers are usually thin and often discontinuous. There are 
wispy and wavy fascicles of smooth muscle, which are 
frequently associated with large-caliber blood vessels, and 
surrounded by loose fibroconnective tissue.*4° The mus- 
cularis mucosae is present in 94% of cystectomy speci- 


mens and in up to 83% of specimens from biopsies or 
TUR 11,26-—31,34-—37 


Figure 10-50 Muscularis mucosae invasion by urothelial 
carcinoma. 
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Figure 10-51 Muscularis mucosae can become hypertrophic 
and difficult to distinguish from muscularis propria in small 
biopsy specimens without appropriate orientation. 
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Figure 10-52 Muscularis propria invasion in a cystectomy 
specimen. Tumor invades into the outer layer of the 
muscularis propria wall (pT2b) (A). Muscle fibers are often 


fragmented and discontiguous (B). In a limited biopsy 
specimen, it is difficult to distinguish muscularis mucosae Younes et al. found a 75% five-year all-cause sur- 


from muscularis propria (detrusor muscle) invasion. vival for tumors invading above or into the muscularis 
mucosae, compared to an 11% survival for those tumors 
invading below the muscularis mucosae.*! In this study, 
the five-year survival of patients with pTIc disease (i.e., 
invasion beyond the muscularis mucosae) was similar to 
those with pT2 disease (14% vs. 20%, respectively).*! 
Similarly, Hasui et al., Angulo et al., and Holmang et 
al.2? were able to determine different progression rates, 
five-year all-cause survival, and cancer-specific survival, 
respectively, for those tumors with invasion above and 
below the muscularis mucosae. Hermann et al.’ found 
that tumors with invasion beyond the muscularis mucosae 
had a less favorable prognosis than those with invasion 
in the tumor stalk or above the muscularis mucosae and, 
in a multivariate analysis, depth of invasion was the only 
significant parameter that predicted outcome. The main 
í problem with this method of substaging pT1 urothelial 
Figure 10-53. Muscularis mucosae invasion or muscularis carcinomas is that the muscularis mucosae, as noted above, 
propria invasion? is not a consistent histologic finding in bladder tumor 
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resection specimens. Most of the authors mentioned above 
have at least partially overcome this problem by using 
the large blood vessels in the submucosa as a substitute 
anatomic landmark when muscularis mucosae bundles are 
not present (Fig. 10-55).*° For example, Angulo et al. were 
able to identify muscularis mucosae in 39% of their cases 
and utilized the blood vessel landmark in 26%.” Thus, in 
35% of their cases, substaging could not be performed. 
Platz et al. identified muscularis mucosae in only 33% of 
their cases.2° Furthermore, when they used the vascular 
surrogate anatomic landmark in the remainder of the cases, 
they did not find any prognostic significance in substaging 
pT1 disease.*° In a recent study,*® Kondylis et al. found 
no difference in recurrence and progression rates between 
patients with Tla and Tlb cancer using muscularis 
mucosae invasion for substaging, with a median followup 
of 71 months. Cancer progression rates were 78% and 
71% for Tla and T1b cancer, respectively.** Furthermore, 
significant topographical variation of muscularis mucosae 
in different regions of the bladder has recently been 
documented.*? These practical problems have prompted 
recent questioning as to whether substaging pT1 disease 
based on the muscularis mucosae is the best system and, as 
a consequence, whether substaging of pT1 tumors based on 
muscularis mucosae invasion should not be advocated."” 

Cheng et al. proposed a novel system of substaging pT! 
tumors based on the micrometric measurement of the depth 
of invasion of tumor into the subepithelial connective tis- 
sue (Figs. 10-56 and 10-57).!!*3 They studied a series of 55 
patients with stage pT1 urothelial carcinomas diagnosed on 
TUR specimens and eventually treated by cystectomy.** By 
using an ocular micrometer to measure the depth of invasion 
from the mucosal basement membrane, they found a sig- 
nificant correlation between depth of invasion in the TUR 
specimen and final pathologic stage at cystectomy. A depth 
of invasion of 1.5 mm predicted an advanced stage of dis- 
ease at cystectomy with a sensitivity of 81%, a specificity 
of 83%, and positive and negative predictive values of 95% 
and 56%, respectively. They applied the same criteria to a 
group of 83 consecutive patients diagnosed with pT1 blad- 
der cancer and found a five-year progression-free survival 
of 67% in patients with a depth of tumor invasion greater 
than 1.5 mm, compared to 93% for those tumors with a 
depth of invasion below 1.5 mm (Figs. 10-56 and 10-57).!! 

Substaging of pT1 bladder tumors may benefit from 
cytokeratin immunohistochemistry. Mhawech et al.*! found 
this to be useful in difficult cases where specimen orien- 
tation and tissue artifact created a hindrance to accurate 
diagnosis. Total agreement between hematoxylin and eosin 
(H&E) and immunohistochemistry was reached in 76 of 
93 cases (82%). Immunohistochemistry downstaged seven 
cases, upstaged four cases, and failed to subclassify pT1 
tumors in only 5% of cases studied.*! 


Figure 10-55 Muscuaris mucosae of the bladder. Muscularis 
mucosae are commonly associated with thick-walled vessels. 
However, thick-walled vessels should not be used as a 
substitute for muscularis mucosae. Some thick-walled vessels 
are located close to the superficial lamina propria. 


The collective data indicate the level of invasion, 
whether assessed by the relation of the tumor to the mus- 
cularis mucosae or by direct micrometric measurement, 
and identify a subset of patients with pT1 bladder cancer 
who have a more adverse prognosis. It would be advisable 
to express some assessment of the depth of lamina propria 
invasion in a pathology report. It seems appropriate to use 
1.5 mm as the cutoff in evaluating the depth of invasion in 
pT1 urothelial carcinomas. 


Lymphovascular Invasion in pT1 
Urothelial Carcinoma 


The incidence of lymphovascular invasion is variable and 
has been reported to range from 5% to 28% of stage 
pT1 urothelial carcinoma (Figs. 10-58 to 10-60).242-4 
Lymphovascular invasion is more frequent in larger 
(>5 cm) high grade tumors without papillary configuration 
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Figure 10-56 Substaging of pT1 bladder cancer based on the depth of invasion measured by a micrometer. Depth of 
invasion in pT1 urothelial carcinoma is a powerful predictor of clinical outcome. (A) The depth of stromal invasion in the 
transurethral resection or biopsy specimens is measured from the basement membrane of the bladder mucosae to the 
deepest invasive cancer cells using an ocular micrometer, whether the lesion is flat (AT) or papillary (AI). When tissue 
fragments contain cancer without adjacent basement membrane or when the specimen is not oriented, the depth of 
invasion is the shortest dimension of an intact tumor fragment to avoid overestimation of the depth of invasion (AIII). (B) 
Receiver operating characteristic (ROC) analysis of invasion depth as a predictor of advanced stage (>T2) bladder 
carcinoma. The area under the ROC curve was 0.89. (C) Sensitivity and specificity of invasion depth as a predictor for 
advanced stage (>T2) bladder carcinoma. The optimal depth of invasion for maximizing both sensitivity and specificity in 
predicting advanced stage bladder carcinoma is 1.5 mm. (D) Cancer progression-free survival curves comparing invasion 
depths < 1.5 mm and > 1.5 mm in transurethral resection specimens. Progression consisted of muscle-invasive or more 
advanced stage carcinoma, of distant metastasis, or of death from bladder cancer. (From Refs. 3,11,13, and 33; with 


permission.) 


and is associated with poor prognosis. In a study of 
170 patients with pT1 urothelial carcinoma, five-year 
survival for pTl cases without vascular invasion was 
81% versus 44% for those with vascular invasion.“ 
Lymphovascular invasion appeared to be an independent 
predictor of poor outcome regardless of tumor grade. 
Therefore, the presence of lymphovascular invasion 
should be included in the pathology report (see also 
Chapter 27).? 


The identification of vascular/lymphatic invasion can be 
difficult and confused with artifactual clefting around nests 
of invasive carcinoma on conventional H&E evaluation. In 
suspicious cases, immunostaining using antibodies against 
CD31 or CD34 may be helpful. However, the problem of 
differentiating lymphovascular invasion versus artifactual 
space entrapment by tumor cells may not be resolved in 
selected cases, and it is appropriate to report these cases as 
indeterminate for lymphovascular invasion. 
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Figure 10-57 Urothelial carcinoma in transurethral resection (TUR) (A and B) and cystectomy (C to F) specimens from the same 
patient. Muscularis propria is not present in the transurethral resection specimen (A and B). The depth of invasion is 5.1 mm in the 
TUR specimens. Based on the depth of invasion, the patient underwent a cystectomy, which revealed a pT3N2 cancer. It should 
be noted that it is not always possible to demonstrate muscularis propria invasion in TUR or biopsy specimens when the tumor 
presents as expansile or pushing growth. 


cancer. 
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The pathologic stage is the most important determinant of 
prognosis and treatment for bladder cancer.!~® An ideal 
staging system should accurately reflect the natural history 
of cancer at this site, describe the total cancer burden, 
assess the extent of spread at the time of diagnosis (Figs. 
11-1 to 11-3), and stratify patients into prognostic groups 
for treatment planning. Adoption of a uniform staging 
system permits comparison of therapeutic interventions 
between different institutions. The 2010 revision of the 
American Joint Committee on Cancer/International Union 
Against Cancer/Union Internationale Contre le Cancer 
(AJCC/UICC) tumor, lymph node, and metastasis (TNM) 
system is recommended (Tables 11-1 and 11-2).? 


Stage pT0 Carcinoma 


Stage pTO tumor is a condition in which there is no 
evidence of residual carcinoma in the cystectomy spec- 
imen after an initial cancer diagnosis in the biopsy or 
transurethral resection (TUR) specimen. The incidence 
of stage pTO bladder carcinoma is approximately 5% 
to 10%.7!°-!5 The clinical outcome among patients 
with stage pTO bladder cancer is variable. In a large 
series of 120 patients with pTO carcinomas, the five-year 
recurrence-free, cancer-specific, and overall survivals were 
84%, 88%, and 84%, respectively.!! Multivariate analysis 
showed that lymphovascular invasion and carcinoma 
in situ (CIS) in the TUR specimens were independent 
predictors of adverse clinical outcome.'! The five-year 
overall survival for patients with lymphovascular invasion 
was 70%, compared to 89% for those patients without 


Perivesical Deep 
fat muscularis muscularis 
propria propria 


Figure 11-1 


lymphovascular invasion.'! The incidence of lymph node 
metastasis among pTO patients is 3% to 8%.!9-!3.!5 

More recently, Tilki and his colleagues reported the 
largest series of pTO bladder cancer from the records of 
4430 patients treated with radical cystectomy for bladder 
urothelial carcinoma without neoadjuvant chemotherapy 
at 12 centers in the United States, Canada, and Europe.!> 
The incidence of pTO bladder cancer was 5.1%. Overall, 
17 patients (7.5%) had regional lymph node metastasis. 
During a median followup of 48 months, 15 patients 
(6.6%) died of bladder cancer. Five-year recurrence-free 
and cancer-specific survival estimates were 90% (95% 
confidence interval, 85.3-93.1) and 93%. Lymph node 
metastasis and female gender were independent predic- 
tors of recurrence-free and cancer-specific survival in 
multivariate analysis.!> 


Stage pTa Carcinoma 


pla carcinoma is defined by the 2010 TNM staging sys- 
tem as noninvasive papillary carcinoma (Fig. 11-4). It 
should be distinguished from pT1 cancer by the absence of 
lamina propria invasion. Recognition of diagnostic pitfalls 
associated with lamina propria, submucosa, or muscularis 
propria invasion is critical for evaluation of bladder tumor 
specimens. !© 

Historically, the term “superficial bladder cancer” 
has been used to describe tumors that have not invaded 
the muscularis propria. This designation includes non- 
invasive papillary urothelial carcinoma (pTa), CIS 
(pTis), and tumor invading the lamina propria (pT1). 


Superficial Submucosa Mucosa Ta 


contiguous 
organs 


Schematic diagram of bladder carcinoma staging according to the 2002 TNM (tumor, lymph node, and 


metastasis) staging system. The staging system is based on the depth of invasion. 
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Figure 11-2 Anatomy of the urinary bladder (A and B). The bladder is organized into the urothelium, lamina propria, muscularis 
propria, and perivesical adipose tissue. Adipose tissue can be present in the lamina propria or muscularis propria layer. Current 
staging system for bladder cancer is based on the depth of invasion. A tumor invading into muscular propria (detrusor muscle) is 
illustrated. (From Ref. 57; with permission.) 


Muscularis propria 
(detrusor muscle) 


Perivesical s 


Lamina propria 


Urothelium 


Figure 11-3 Schematic diagram of bladder carcinoma staging according to the 2002 TNM (tumor, lymph node, and metastasis) 
staging system. 


Staging of Bladder Cancer 


Table 11-1 


TNM Classification of Bladder Carcinoma (2010 Revision) 


Primary tumor (T) 


TX 
TO 
Ta 
Tis 
Til 

[2 


Primary tumor cannot be assessed 

No evidence of primary tumor 

Noninvasive papillary carcinoma 

Carcinoma in situ 

Tumor invades subepithelial connective tissue (lamina propria) 
Tumor invades muscularis propria bladder wall 

T2a Tumor invades superficial muscularis propria (inner half) 
T2b Tumor invades deep muscularis propria (outer half) 


T3 Tumor invades perivesical tissue 
T3a Microscopically 
T3b Macroscopically (extravesical mass) 


T4 Tumor invades any of the following: prostate, uterus, vagina, pelvic wall, and abdominal wall 


T4a Tumor invades prostatic stroma, uterus, vagina 
T4b Tumor invades pelvic or abdominal wall 


Regional lymph nodes (N) 
NX Regional lymph nodes cannot be assessed 
NO No regional lymph node metastasis 


N1 Single regional lymph node metastasis in the true pelvis (hypogastric, obturator, external iliac, or presacral lymph node) 


N2 Multiple regional lymph node metastasis in the true pelvis 
N3 Lymph node metastasis to the common iliac lymph node 


Distant metastasis (M) 
MO No distant metastasis 
M1 Distant metastasis 


Table 11-2 TNM Stage Groupings 


Stage 0a Ta NO MO 
Stage Ois Tis NO MO 
Stage | Ti NO MO 
Stage Il T2a NO MO 
T2b NO MO 
Stage III T3a NO MO 
T3b NO MO 
T4a NO MO 
Stage IV T4b NO MO 
Any T NI 2.3 MO 
Any T Any N M1 


aM0 is defined as “no distant metastasis.” 


This terminology is still in use by many practicing 
urologists. However, it is now recommended that the term 
“superficial” be eliminated entirely from bladder tumor 
nomenclature. 17-18 

Histologic grading is one of the most important 
prognostic factors for pTa bladder tumors (see also 
Chapter 9).!9-?2 


Stage pT1 Carcinoma 


See Chapters 10 and 25 for further discussion. 
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Stage pT2 Carcinoma 


Stage pT2 carcinoma is defined by tumor invasion into 
muscularis propria (Figs. 11-5 to 11-12). The 2010 TNM 
staging system subclassifies pT2 carcinoma into two cate- 
gories: cancer invading less than one-half of the depth of 
muscular propria (pT2a) and cancer invading greater than 
one-half of the muscle wall.? The clinical utility of pT2 
tumor substaging has been questioned.”* 

Current subclassification of T2 carcinomas is based on 
the work by Jewett in 1952.” In a study of 18 patients with 
muscle-invasive carcinoma, from five T2a (B1) cases and 
13 T2b (B2) urothelial carcinomas, the author found that 
80% of T2a bladder carcinoma patients survived, whereas 
only 8% of those with stage T2b survived.” Data that have 
accumulated in the 47 years since this original publica- 
tion do not lend solid support to the subdivision of T2 by 
depth of muscularis propria invasion (Table 11-3).724-58 
However, a recent multi-institutional study indicated that 
substaging of pT2 bladder cancer may be of value in strat- 
ifying different risk groups.*? 

Based on the Mayo Clinic data, Cheng et al. found no 
survival difference between pT2a and pT2b cancer during 
a mean followup of 8.3 years.°’ Ten-year cancer-specific 
survival rates were 82% and 81%, respectively, for patients 
with pT2a and pT2b bladder cancer.>’ In contrast, tumor 


Figure 11-4 Low grade noninvasive papillary urothelial 
carcinoma. 


Figure 11-5 Stage T2 bladder cancer. Bulky tumor mass 
protruding into the luminal space of the bladder. 
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Me a DSS, cata 
Figure 11-7 pT2b bladder cancer. Tumor invades into the 


outer one-half of the muscularis propria wall. Substaging of 
T2 can be done only in cystectomy specimen. 


size (the largest tumor dimension) was predictive of distant 
metastasis-free and cancer-specific survival in patients with 
muscularis propria invasion.” Ten-year cancer-specific sur- 
vival rates were 94% and 73%, respectively, for patients 
with tumors < 3 cm and patients with tumors > 3 cm in 
greatest dimension (Fig 11-13).>’ In a recent study of 311 
patients with pT2 bladder cancer, Yu et al. found no sig- 
nificant difference in clinical outcome between pT2a and 
pT2b cancers after controlling for lymph node status. 
Ten-year recurrence-free survival rates were 84% and 72%, 
respectively, for pT2a and pT2b lymph node-negative blad- 
der cancers. Among lymph node-positive bladder cancer 
patients, 10-year recurrence-free survival was 50% for pT2a 
carcinoma and 48% for pT2b carcinoma. 

In 1978, Jewett concluded: “It seems probable that our 
arbitrary dividing line drawn 30 years ago at the halfway 
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Figure 11-9 pT2b bladder cancer. Tumor invades into the outer one-half of the muscularis propria wall and presents as expansile 
growth (A). Tumor does not infiltrate through muscularis propria (B). It would be difficult to document muscularis propria invasion 
in biopsy specimens. 


Figure 11-10 pT2b bladder cancer with expansile growth (A and B). 
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Figure 11-11 pT2b bladder cancer (A and B). Tumor is surrounding the muscularis propria. Note the desmoplastic stroma. 


Figure 11-12 pT2 bladder cancer. Another case illustrating 
the expansile growth of tumor without directly infiltrating 
through the muscularis propria. It is not always feasible to 
document muscularis propria invasion in TUR or biopsy 
specimens. We recommend the depth of invasion measured 
by a micrometer be reported for invasive urothelial carcinoma 
(see the discussion in Chapter 10). 


level to separate B1 (pT2a) from B2 (pT2b) tumors was 
too superficial.”°° Substaging of T2 bladder carcinoma 
based on the level of muscularis propria invasion is of 
limited value for stratifying patients into prognostic groups 
and should be eliminated from future TNM classification. 
Tumor size may be a more pertinent parameter for the 
subclassification of T2 bladder cancer.>” 


Stage pT3 Carcinoma 


Stage pT3 bladder carcinoma is defined by tumor inva- 
sion into perivesical soft tissue (Figs. 11-14 to 11-18). The 


presence of intramural adipose tissue is well documented in 
the bladder (Fig. 11-19).°'? The appearance of fat invasion 
in a biopsy or TUR specimen, therefore, does not necessar- 
ily indicate invasive pT3 carcinoma. As a consequence, it 
is not feasible to document pT3 cancer in biopsy or TUR 
specimens. 

The subdivision of pT3 tumors into pT3a (tumors with 
microscopic extravesical extension) and pT3b (tumors with 
gross extravesical extension) is controversial. Quek et al. 
examined 236 patients with pT3 bladder carcinoma.®* With 
a median followup of 8.9 years, there was no difference in 
recurrence or survival rates between patients with pT3a and 
pT3b tumors. Lymph node metastasis and surgical margin 
status were the only factors to significantly affect patient 
prognosis in this study. A more recent study, however, 
has found that macroscopic perivesical fat invasion on gross 
examination (pT3b) is associated with increased risk of can- 
cer recurrence and cancer death. In a multi-institutional 
study of 808 patients with pT3 bladder cancer, subclassifi- 
cation of pT3 cancer as microscopic (pT3a) versus macro- 
scopic perivesical fat extension was not a significant predic- 
tor of recurrence and cancer-specific survival.® Only age, 
soft tissue surgical margin status, lymphovascular invasion, 
and lymph node metastasis were independent predictors of 
patient outcome. However, pT3 subclassification was a sig- 
nificant predictor in a subset analysis among node-negative 
patients, excluding patients with lymph node metastasis.© 
The presence or absence of macroscopic perivesical fat 
invasion, therefore, should be reported. 

Currently, there is no reliable method to predict extra- 
vesical extension (pT3) from TUR or biopsy specimens. 
The presence of fat invasion in TUR or biopsy specimens 
does not constitute a pT3 cancer. Cheng and his colleagues 
analyzed 90 bladder cancer patients diagnosed with inva- 
sive bladder cancer at TUR.® The depth of invasion were 
measured from the TUR specimens by ocular micrometer. 
All patients were treated by radical cystectomy. Median 
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Table 11-3 Comparison of Clinical Outcome Between pT2a and pT2b Bladder Carcinomas 


Number of Cases Five-year Survival (%) 

Reference Year (T2a and T2b) T2a T2b 
Jewett? 1952 18 80 8 
Bowles and Cordonnier?? 1963 40 52 50 
Cox et al.33 1968 75 45 40 
Sorensen et al.*© 1969 38 7 0 
Pomerase*? 1972 46 15 29 
Wtzettalea 1975 73 47 40 
Cordonnier?” 1974 76 52 40 
Richie et al.*2 1975 58 40 40 
Pearse et al.5° 1978 26 64 50 
Prout et al.“ 1976 112 31 31 
Boileau et al.34 1980 67 38 52 
Bredael et al.*° 1980 61 54 48 
Mathur et al.?8 1981 18 86 64 
Skinner et al.°° 1982 33 53 39 
Beahrs et al.3° 1984 61 42 35 
Montie et al.°! 1984 DT 62 63 
Pagano et al.°? 1991 95 63 50 
Roehrborn et al.44 1991 145 65 61 
Wishnow et al.*? 1992 35 75 78 
Pollack et al.39 1995 140 78 Ti 
Cuesta et al.°° 1997 50 73 67 
Cheng et al.°? 1999 64 62 56 
Dalbagni et al.” 2001 58 62 58 
Girgin et al.” 2005 75 84 66 
Yu et al.>? 2006 2424 87 75 

69? 50 50 
Tokgoz et al.>8 2007 57 44 43 


“Lymph node-negative patients. 
Lymph node-positive patients. 
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Figure 11-13 Substaging of pT2 urothelial carcinoma. Distant metastasis-free (A and B) and cancer-specific (C and D) survivals 
for patients with pT2 urothelial carcinoma. Tumor size (B and D) was more clinically relevant than the pT2 substaging (pT2a vs. 
pT2b) (A and C). (From Ref. 57; with permission.) 
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Figure 11-14 pT3b bladder cancer. Tumor grossly invades 
perivesical soft tissue (arrow). 


Figure 11-16 pT3b bladder cancer. Tumor invades 
perivesical adipose tissue (A and B). 


interval from TUR to cystectomy was 44 days. Extravesical 
extension (> T3) at cystectomy was present in 39 patients 
(43%). The authors found that the depth of invasion was 
associated with final pathologic stage (Spearman correla- 
tion r = 0.58, P < 0.001).66 The overall accuracy of the 
depth of invasion for the prediction of extravesical exten- 
sion, measured by the area under the receiver operating 
characteristic (ROC) curve, was 0.81 (standard error, 0.045) 
(Figs. 11-20 and 11-21). The mean depth of invasion among 
patients with extravesical extension at cystectomy was 4.0 
mm, compared to 2.2 mm for those without extravesical 
extension. Based on a 4.0-mm cutoff point, the sensitivity, 
specificity, positive predictive value, and negative predic- 
tive value for extravesical extension were 54%, 90%, 81%, 
and 72%, respectively (Table 11-4). Among patients with 
a depth of invasion greater than 4 mm in biopsies, 100% 
had advanced-stage (>pT2) bladder cancer; 81% had pT3 
or pT4 bladder cancer. The authors concluded that patients 
perivesical adipose tissue (A and B). with bladder cancer depth of invasion above 4 mm in the 
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Figure 11-19 pT2 bladder cancer. Note the presence of 
adipose tissue in the lamina propria. Fat invasion into TUR or 
biopsy specimens does not indicate pT3 cancer. 


Depth of invasion at TUR (mm) 


Figure 11-17 pT3 bladder cancer. Tumor invades iS ae ee eee T t4 
perivesical adipose tissue (A and B). Final pathologic stage at cystectomy 


Figure 11-20 The depth of invasion in the transurethral 
resection specimens is associated with the final pathologic 
stage at cystectomy (Spearman correlation, 

r = 0.58, P < 0.001). The mean depth of invasion among 
patients with extravesical extension (> T3) at cystectomy was 
4.0 mm, compared to 2.2 mm for those without extravesical 
extension. Among patients with depth of invasion > 4 mm in 
biopsies, 100% had advanced-stage (> pT2) bladder cancer; 
81% had pT3 or pT4 bladder cancer. (From Ref. 66; with 
permission.) 


TUR specimens, measured by micrometer, are likely to 
have extravesical extension, and more aggressive treatment 
should be considered.®° 
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Figure 11-18 pT3 bladder cancer. Tumor invades Stage pT4 bladder cancer is defined by tumor invasion 
perivesical soft tissue. into an adjacent organ, including uterus, vagina, prostatic 
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Figure 11-21 Prediction of extravesical extension in bladder 
cancer patients. Receiver operating characteristic analysis of 
the depth of invasion as a predictor of extravesical extension. 
The numbers (mm) represent the depth of invasion measured 
by a micrometer from transurethral resection specimens. 
(From Ref. 66; with permission.) 


stroma, pelvic wall, or abdominal wall (Figs. 11-22 to 
11-24). In the 2010 AJCC/UICC bladder cancer TNM 
staging guidelines, pT4a includes invasion of prostate, 
uterus, or vagina and pT4b indicates pelvic or abdominal 
wall invasion. The major modification of 2010 TNM 
staging is the clarification of pT4 cancer. In men, T4 
cancer is defined as prostatic stromal invasion directly 
from bladder cancer (Figs. 11-25 to 11-28). Subepithelial 
invasion of prostatic urethra does not constitute T4 cancer. 

The designation of prostate invasion by bladder car- 
cinoma as stage pT4 cancer has been debated.®’ Donat 
et al. identified three pathways for prostatic stromal inva- 
sion by urothelial carcinoma.®* These include extravesical, 
intraurethral, and bladder neck invasion.°® However, the 
prognostic significance of stromal invasion through these 
different pathways is uncertain. Esrig et al. studied 143 
bladder cancers with prostatic involvement, dividing them 
into two groups. Group I penetrated the full thickness of 
bladder wall to involve the prostate, and group II involved 
the prostate by extension from the prostatic urethra.°° 
Five-year overall survival rates were 21% and 55% for 
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Figure 11-22 pT4 bladder cancer. Tumor invades the 
prostate. CT scan (A) and microscopic appearance (B). (Photo 
courtesy of Dr. Koch.) 


groups I and II, respectively. Among group II patients, the 
presence of prostatic stromal invasion was associated with 
a worse prognosis than for patients in whom urothelial can- 
cer was confined to the urethral mucosa only.® Similarly, 
Pagano et al. found that five-year survival was only 7% 
among group I patients, compared to 46% among group II 
patients.’ In group II, all patients with urethral mucosal 


Table 11-4 Prediction of Extravesical Extension by the Depth of Invasion Measured by Micrometer in Transurethral Resection 


of Bladder Specimens? 


Depth of Invasion 


Cystectomy (Number of Patients) 


(mm) Ta T1 T2a 


<4.0 2 |2 15 
>4.0 0) 0 2 
Totals 2 12 7 


Source: Ref. 66, with permission. 


T2b T3 T4 Totals 
i7 11 7 64 
3 15 6 26 
20 26 13 90 


*Using 4.0 mm as a cutoff point, the sensitivity, specificity, positive predictive value, and negative predictive value for the prediction of extravesical 
extension (>T3) at cystectomy were 54%, 90%, 81%, and 72%, respectively. Among patients with depth of invasion >4 mm in biopsies, 100% had 
advanced-stage (>pT2) bladder cancer; 81% had pT3 or pT4 bladder cancer. 
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Figure 11-23 pT4 bladder cancer. Tumor invades the 
prostate and rectum. CT scan (A) and gross appearance (B). 
(Photo courtesy of Dr. Koch.) 


Figure 11-25 pT4 bladder cancer. Tumor invades the 
prostate (A and B). 


involvement only were alive and free of cancer after five 
years, compared to 40% to 50% survival among patients 
with prostatic stromal invasion.’? In a detailed mapping 
study of 214 radical cystoprostatectomy specimens with 
prostatic involvement by urothelial carcinoma, 26% of 
invasive bladder carcinomas resulted from direct infiltration 
of the prostate from the bladder. In the remaining 74% of 
cases, the prostate was invaded by urothelial carcinoma 
extending from the prostatic urethra.’! More recently, 
Montironi et al. reported a detailed histopathologic analysis 
of 248 consecutive prostates from cystoprostatectomies for 
muscle-invasive bladder carcinoma using the whole-mount 
technique.’? Involvement by bladder cancer was present in 
38% of the prostates. Incidental prostate cancer was also 
seen in 50% of the specimens, but 81% of these prostate 
cancers were clinically insignificant.” These findings 
emphasize the importance of thorough sampling and 
histologic evaluation of the prostate for cystoprostatectomy 
myometrium of the uterus. specimens removed for bladder carcinoma. 
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Figure 11-28 pT4 bladder cancer. Tumor invades the 
prostate. 
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Figure 11-29 pT4 bladder cancer. Tumor invades seminal 
vesicles of the prostate. These tumors tend to be more 


aggressive than those invading prostatic parenchyma only. 


E 


Direct perivesical tumor extension involving the seminal 
vesicles was associated with poor prognosis, similar to that 
of pT4b bladder cancer (Fig. 11-29).7>74 Five-year overall 
survival for these patients was only 10%, similar to pT4b 
cancer (7%). The five-year overall survival for patients 
with prostatic stromal involvement was 38%.’> However, 
the prognostic significance of seminal vesicle invasion via 
intraepithelial extension from the prostate is less certain and 
should be reported separately.”> 

The prognostic significance of different prostatic 
involvement patterns is uncertain. The prostatic urethra 
may be involved by urothelial carcinoma, with or without 
stromal invasion. CIS involving the prostatic urethra should 
not be designated as pT4a cancer. Similarly, prostatic ducts 
prostate. and acini may be involved by urothelial carcinoma without 
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stromal invasion. Prostatic stromal invasion is usually 
associated with poor clinical outcome and should be stated 
clearly. Seminal vesicle involvement by direct perivesical 
tumor extension is a poor prognostic indicator. ">74 

On a larger population-based analysis of 2043 pT4 blad- 
der cancer patients from 17 Surveillance, Epidemiology 
and End Results (SEER) registries diagnosed between 1988 
and 2006, Liberman and his colleagues found that cancer- 
specific mortality was 2.3-fold higher in pT4b versus pT3 
(P < 0.001), 1.1-fold higher in pT4a versus pT3 (P = 
0.002), and 2.0-fold higher in pT4a versus pT4b patients.” 
Among node-negative patients, pT4b patients had a 2.3-fold 
higher rate of cancer-specific mortality than pT3 patients 
(P < 0.001) and pT4b patients had a 2.1-fold higher rate of 
cancer-specific mortality than pT4a patients (P < 0.001). 
Interestingly, the cancer-specific mortality was the same 
for pT4a and pT3 patients (P = 0.1). These findings sup- 
port clinical utility of stratifications of pT4 bladder cancer 
patents. 7° 


Lymphovascular and Perineural Invasion 


See Chapter 25 for further discussion (Figs. 11-30 
and 11-31). 


Nodal Classification (N Staging) 


The 2010 TNM staging system categorizes nodal status 
based on the number of positive lymph nodes and loca- 
tion of positive nodes (Figs. 11-32 to 11-35; Table 11-1). 
N1 is defined as a single positive node in primary drainage 


Figure 11-30 Lymphovascular invasion. 


Figure 11-32 Imaging evaluation of tumor spread and lymph 
node metastasis. This bladder wall thickening is evident on 
CT scans as well. CT scans are poorly predictive of local 
extension of tumor. CT scans or MRI scans of the pelvis are 
obtained to rule out spread to the pelvic lymph nodes. The 
most common sites of spread are the obturator lymph nodes 
located posterior to the external iliac artery and vein. (Photo 
courtesy of Dr. Koch.) 
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Figure 11-33 Lymph node metastasis. CT scan showed 
extensive pelvic lymphadenopathy in a bladder cancer 
patient (A). Lymph node dissection was performed and 
microscopic examination revealed near-replacement of 
lymph node by bladder cancer. Note the extranodal extension 
of lymph node metastasis (B). (Photo courtesy of Dr. Koch.) 


regions; N2 is defined as multiple positive nodes in pri- 
mary drainage regions; N3 is defined as common iliac node 
involvement. The previous N subclassification,’’ based on 
the size of the metastasis using 2 cm and 5 cm as thresholds, 
has been abandoned. 

Recent studies have emphasized the importance of 
lymph node density for nodal staging.’°-8? Lymph node 
density is defined by the ratio of positive lymph nodes to 
the total number of lymph nodes sampled. In an analysis 
of 248 patients with positive nodal metastasis, Kassouf 
et al. found that lymph node density was an independent 
predictor of cancer survival.’? The five-year cancer-specific 
survival for patients with lymph node density > 20% was 
15%, compared to 55% five-year cancer-specific survival 
among patients with lymph node density < 20%.’ 


state 


Figure 11-34 Lymph node metastasis (A and B). 
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Figure 11-35 Lymph node metastasis. Note the subcapsular 
location of the micrometastasis. 
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However, the minimum number of lymph nodes in the 
specimen for optimal lymph node density estimation is yet 
to be established. Moreover, the best cutoff for lymph node 
density has not been determined in a systematic way. In a 
multivariate analysis of 101 lymph node-positive bladder 
carcinomas, using 20% as the cutoff, lymph node density 
was not a significant predictor of survival.*? In another 
series of 154 node-positive patients, only the number of 
positive nodes was an independent predictor of survival.*+ 
Each level of increase by one positive node increased the 
risk of cancer death by 20%.34 

Additional factors, such as the largest dimension of 
metastasis, extranodal extension, and anatomic location 
of positive nodes, may also be important. Fleischmann et 
al. found that extranodal extension was the strongest pre- 
dictor of clinical outcome.’ The incidence of extranodal 
extension in 101 patients with pelvic node metastases 
was 58%.8 During a median followup of 21 months, 
patients with extranodal extension had significantly worse 
recurrence-free survival (median, 12 months) and overall 
(median, 16 months) survival than those without extranodal 
extension (median, 60 months for both recurrence-free 
survival and overall survival).® 

Occult lymph node metastasis may be present but 
undetectable by routine hematoxylin and eosin examina- 
tions. The detection of lymph node micrometastasis by 
molecular methods is a promising technique in overcoming 
this limitation. The reverse transcriptase—polymerase 
chain reaction (RT-PCR) assay for uroplakin II was more 
sensitive than cytokeratin 20 for detecting occult lymph 
node metastasis. Of 66 pelvic lymph node samples 
without histologic evidence of metastasis, uroplakin II was 
detected in six (10%), whereas cytokeratin 20 was not 
detected in any samples.*° In the analysis by Seraj et al., 
the incidence of positive RT-PCR for uroplakin IT mRNA 
was 25% of 27 patients with histologically negative lymph 
nodes.8’ Copp et al. found positive uroplakin II RNA 
transcripts in 33% of pelvic lymphadenectomy specimens 
without morphologic evidence of lymph node metastasis.°% 
The investigators found that only 5% of histologically and 
RT-PCR node-negative patients had cancer recurrence, 
whereas 91% of histologically and RT-PCR node-positive 
patients recurred after a mean followup of 6 months.*® 
Using the quantitative real-time RT-PCR approach, Marin- 
Aguilera et al. found positive RT-PCR results in 21% of 
histologically negative lymph nodes.5? However, there 
was no survival difference between RT—PCR-positive and 
RT-—PCR-negative groups during a median followup of 35 
months.®? The use of cytokeratin immunohistochemistry 
for detection of occult metastasis appeared to be of no 
practical value.?? 
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Figure 11-36 Distant metastasis. CT scan shows lung 
metastasis from bladder cancer. (Photo courtesy of Dr. Koch.) 


Distant Metastasis 


The presence of distant metastasis is designated as M1. The 
common sites of distant metastasis include liver, lung, bone, 
adrenal, and gastrointestinal tract (Figs. 11-36 to 11-41).!-2 
Bone metastasis often presents as alytic lesion in the spine. 
Metastasis to the ovary, skin, and soft tissue has also been 
documented. 


TNM Descriptors 


Pathologic staging depends on pathologic documentation of 
the anatomic extent of cancer, whether or not the primary 
tumor has been removed completely. It is mandatory that 
TNM staging information is included in the final pathol- 
ogy report (see Chapter 25 for further discussion). By 
AJCC/UICC convention, the designation “T” refers to a 
primary tumor that has not been treated previously. The 
symbol “p” refers to the pathologic classification of the 
TNM, as opposed to the clinical classification, and is based 
on gross and microscopic examination (Table 11-5). pT 
indicates a resection of the primary tumor or biopsy ade- 
quate to evaluate the highest pT category, pN indicates 
removal of nodes adequate to validate lymph node metas- 
tasis, and pM implies microscopic examination of distant 
lesions. Clinical classification (CTNM) is usually carried out 
by the physician before treatment during initial evaluation 
of the patient or when pathologic classification is not pos- 
sible. The suffix “is” may be added to any T to indicate the 
presence of associated carcinoma in situ. 

For identification of special cases of TNM or pTNM 
classification, the “m” suffix and “y” and “r” prefixes are 
used (Table 11-5). The suffix “m” should be added to the 
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Figure 11-37 Distant metastasis (liver) from primary bladder Figure 11-39 Distant metastasis (kidney) from primary 
cancer (A and B). bladder cancer (A and B). 


Figure 11-38 Distant metastasis (liver) from primary bladder Figure 11-40 Distant metastasis (adrenal) from primary 
cancer. bladder cancer. 
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Figure 11-41 
bladder cancer. 


Distant metastasis (pancreas) from primary 


appropriate T category to indicate the presence of mul- 
tiple primary tumors in a single site and is recorded in 
parentheses: pT(m)NM. The “y” prefix indicates those 
cases in which classification is performed during or 
following initial multimodality therapy (i.e., neoadjuvant 
chemotherapy, radiation therapy, or both chemotherapy 
and radiation therapy). In such instances, the cTNM or 
pINM category is qualified by a “y” prefix. The ycTNM 
or ypTNM categorizes the extent of tumor actually present 
at the time of pathologic examination. Recurrent tumor, 
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Table 11-5 Selected TNM Descriptors 


Primary tumor (T) 


c Stage given by clinical examination of a patient; the 
“c” prefix is implicit in the absence of the “p” 
prefix 

p Stage given by pathologic examination of a surgical 
specimen 

m Indicates multiple primary tumors 

r Recurrent tumor after a documented disease-free 
interval 

y Stage assessed after neoadjuvant therapy 
(posttreatment) 


R Classification 
RX Presence of residual tumor cannot be assessed 
RO No residual tumor 
R1 Microscopic residual tumor 
R2 Macroscopic residual tumor 


when staged after a documented disease-free interval, is 
identified by the “r” prefix: rTNM. 

Additional descriptors may be used when residual tumor 
(r) is used. Tumor remaining in a patient after therapy with 
curative intent (e.g., surgical resection for cure) is catego- 
rized by a system known as R classification (Table 11-5). 
For the surgeon, the R classification may be useful to indi- 
cate the known or assumed status of the completeness of a 
surgical excision. 
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Chapter 12 


Histologic Variants of Urothelial Carcinoma 


Urothelial Carcinoma with Squamous 
Differentiation 


Urothelial Carcinoma with Glandular 
Differentiation 


Urothelial Carcinoma with Villoglandular 
Differentiation 


Urothelial Carcinoma, Nested Variant 


Urothelial Carcinoma, Micropapillary 
Variant 


Urothelial Carcinoma, Microcystic Variant 


Urothelial Carcinoma, Inverted Variant 
(Urothelial Carcinoma with Inverted 
Growth) 


Urothelial Carcinoma, Lipid Cell Variant 
Urothelial Carcinoma, Plasmacytoid Variant 
Lymphoepithelioma-like Carcinoma 


Urothelial Carcinoma, Clear Cell 
(Glycogen-rich) Variant 


Sarcomatoid Carcinoma 
Large Cell Undifferentiated Carcinoma 
Osteoclast-rich Undifferentiated Carcinoma 


Pleomorphic Giant Cell Carcinoma 
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Other Morphological Variations in Bladder 
Cancer 


Urothelial Carcinoma with Chordoid Features 
Urothelial Carcinoma with Small Tubules/Acini 


Urothelial Carcinoma with Syncytiotrophoblastic 
Giant Cells 


Urothelial Carcinoma with Discohesive Growth 


Urothelial Carcinoma with Rhabdoid Features 


Urothelial Carcinoma with Multiple 
Histologic Patterns 


Urothelial Carcinoma with Small Cell Carcinoma 
Component 


Urothelial Carcinoma with Tumor-associated 
Stromal Reactions 


Urothelial Carcinoma with Pseudosarcomatous 
Stromal Reaction 


Urothelial Carcinoma with Osseous and 
Chondroid Metaplasia 


Urothelial Carcinoma with Osteoclast-type Giant 
Cell Reaction 


Urothelial Carcinoma with Prominent Lymphoid 
Reaction 
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Histologic Variants of Urothelial Carcinoma 


Urothelial carcinoma has a tremendous morphologic plas- 
ticity. A remarkably wide diversity of histologic patterns, 
some that mimic other malignancies, may be seen in the 
same tumor. Some variants of urothelial carcinoma appear 
to represent unique morphologic characteristics of the same 
disease process; thus, no distinction in clinical behavior has 
been identified. However, in other variants, tumors behave 
more aggressively than the histologic features would 
otherwise suggest, making their correct diagnosis critical 
(Tables 12-1 and 12-2). Divergent differentiation may be 
appreciated in 25% of urothelial carcinoma, and overall, 
its presence appears to carry a worse prognosis. Therefore, 
recognition of these and other forms is important to avoid 
misdiagnosis or confusion with other benign-appearing 
lesions. 


Urothelial Carcinoma with Squamous 
Differentiation 


Urothelial carcinoma with mixed differentiation includes 
urothelial carcinoma with squamous (Figs. 12-1 to 12-3) 
and/or glandular differentiation. The exact biological sig- 
nificance of mixed differentiation in urothelial carcinoma 
has not come to a definite conclusion in the literature. Some 
investigators report that urothelial carcinomas harboring 
squamous or glandular differentiation have a less favorable 
response to therapy than does pure urothelial carcinoma.! In 
a mapping study of 38 bladder carcinomas, Jozwicki et al. 
found that those urothelial carcinomas with more than 80% 
of conventional urothelial differentiation seemed to have a 
more favorable clinical course.” However, in a larger study 
comprising 448 bladder carcinomas, the presence of mixed 
differentiation failed to predict disease-specific survival by 
either univariate or multivariate analysis.* To further define 
the prognostic significance of these mixed differentiations, 
squamous and glandular differentiation should be reported 
separately. 

Squamous differentiation, defined by the presence of 
intercellular bridges or keratinization, occurs in approx- 
imately 20% of urothelial carcinomas of the bladder, ! 
but its frequency increases up to 40% in high grade and 
advanced-stage bladder cancers with a similar incidence in 
renal pelvis carcinomas. In general, urothelial carcinoma 
with a squamous or glandular component has a less 
favorable response to therapy than that of pure urothelial 
carcinoma.*~7 

In a study of patients with metastatic carcinoma, 46% 
with a mixed component of squamous differentiation 
(squamous cell carcinoma) experienced disease progres- 
sion despite intense chemotherapy, while less than 30% 
of patients with pure urothelial histology progressed.* 


240 


Table 12-1 Histologic Variants of Urothelial Carcinoma 


Urothelial carcinoma with squamous differentiation 

Urothelial carcinoma with glandular differentiation 
Urothelial carcinoma with villoglandular 
differentiation 


Urothelial carcinoma, nested variant 
Urothelial carcinoma, micropapillary variant 
Urothelial carcinoma, microcystic variant 
Urothelial carcinoma, inverted variant 
Urothelial carcinoma, lipid cell variant 
Urothelial carcinoma, plasmacytoid variant 
Lymphoepithelioma-like carcinoma 
Urothelial carcinoma, clear cell (glycogen-rich) variant 
Sarcomatoid carcinoma 

Large cell undifferentiated carcinoma 
Osteoclast-rich undifferentiated carcinoma 
Pleomorphic giant cell carcinoma 


Other morphological variations in bladder cancer 
Urothelial carcinoma with chordoid features 
Urothelial carcinoma with small tubules/acini 
Urothelial carcinoma with syncytiotrophoblastic 
giant cells 
Urothelial carcinoma with discohesive growth pattern 
Urothelial carcinoma with rhabdoid features 


Urothelial carcinoma with multiple histologic patterns 
Urothelial carcinoma with small cell carcinoma 
component 


Urothelial carcinoma with tumor-associated stromal 
reactions 
Urothelial carcinoma with pseudosarcomatous 
stromal reaction 
Urothelial carcinoma with osseous and chondroid 
metaplasia 
Urothelial carcinoma with osteoclast-type giant cell 
reaction 
Urothelial carcinoma with prominent lymphoid 
reaction 


Low grade urothelial carcinoma with focal squamous 
differentiation also has a higher recurrence rate. 

The proportion of the squamous component may vary 
considerably, with some cases having urothelial carcinoma 
in situ (CIS) as the only urothelial component. The morpho- 
logic patterns of keratinizing and nonkeratinizing squamous 
differentiation include (1) wide nests and cords showing 
dyskeratosis, intercellular bridges, and corneous pearls; (2) 
small foci frequently overlooked under conventional eval- 
uation showing intercellular bridges but not dyskeratosis 
or corneous pearls; (3) additional features suggestive of 
koilocytosis; (4) occasional but focally prominent intra- 
cytoplasmic lumina in nests of squamous differentiation; 
and (5) rare cases with rather clear cells forming nests of 
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Table 12-2 Pathologic Variants of Urothelial Bladder Carcinoma According to Their Suggested Clinical Significance 


Pathologic Variants of Invasive Bladder Cancer and Their 
Potential Pitfalls 


Main Lesions and Tumors in Differential Diagnosis 


Urothelial carcinoma with deceptively benign features 


Urothelial carcinoma, nested variant 
Urothelial carcinoma, inverted variant 
Urothelial carcinoma, microcystic variant 
Urothelial carcinoma with small tubules 


von Brunn nest and hyperplasia 

Inverted papilloma 

Cystitis cystica et glandularis, endocervicosis 

Nephrogenetic metaplasia, von Brunn nests, cystitis 
glandularis, prostatic adenocarcinoma 


Differential diagnosis with metastases to the bladder 


Urothelial carcinoma, micropapillary variant 


Urothelial carcinoma, plasmacytoid variant 
Urothelial carcinoma, clear cell (glycogen-rich) variant 
Large cell undifferentiated carcinoma 


Serous carcinoma of the ovary; 
micropapillary carcinomas from other sites 

Plasmacytoma 

Clear cell carcinomas from kidney, and others 

Metastasis from other sites such as lung 


Complex therapeutic approach 


Urothelial carcinoma, lymphoepithelioma-like variant 
Small cell carcinoma 


Chemotherapy, metastases from other sites 
Chemotherapy, metastases from lung 


Misdiagnosis as choriocarcinoma either primary/secondary 


Urothelial carcinoma with syncytiotrophoblastic giant cells 


Choriocarcinoma either primary or secondary 


Misdiagnosis as myofibroblastic proliferation 


Sarcomatoid carcinoma 


Inflammatory myofibroblastic tumor; urothelial carcinoma 
with pseudocarcinomatous stromal reaction 


Misdiagnosis as squamous cell carcinoma or adenocarcinoma either primary or secondary 


Urothelial carcinoma with squamous and/or glandular 
differentiation 


Squamous cell carcinoma, adenocarcinoma 


Misdiagnosis as other tumor types 


Urothelial carcinoma, lipid-cell variant 

Urothelial carcinoma with pseudosarcomatous stroma 

Urothelial carcinoma with stromal osseous or cartilaginous 
metaplasia 

Urothelial carcinoma with osteoclast-type giant cells 

Urothelial carcinoma with prominent lymphoid infiltrate 

Urothelial carcinomas with discohesive growth 


variable size well demarcated from concomitant urothelial 
carcinoma.° Basaloid or clear cell-type squamous differenti- 
ation can be observed rarely. Mac387, cytokeratin (CK) 14, 
L1 antigen, and caveolin-1 have been reported as immuno- 
histochemical markers of squamous differentiation.3~!° 

Urothelial carcinoma with squamous differentiation 
should be distinguished from pure squamous cell car- 
cinoma. In the urinary bladder, the term “squamous 
cell carcinoma” should be reserved for tumors with an 
exclusive squamous cell component. Tumors with any 
identifiable urothelial element should be classified as 
urothelial carcinoma with squamous differentiation, and 
an estimate of the percentage of the squamous component 
should be provided.!:!!~!6 


Sarcomatoid carcinoma with heterologous component 
Sarcomatoid carcinoma 
Carcinosarcoma/sarcomatoid carcinoma heterologous type 


Reactive granulomatous lesion 
Lymphoma 
Signet ring cell adenocarcinoma, lobular carcinoma of breast 


Urothelial Carcinoma with Glandular 
Differentiation 


Glandular differentiation is less common than squamous 
differentiation and may be present in about 6% to 18% 
of urothelial carcinomas of the bladder depending on 
histologic grade.!:3617-18 Glandular differentiation is more 
frequently identified in high grade urothelial carcinoma 
and associated with poor prognosis.!*+ Of 91 patients 
with metastatic carcinoma, there was cancer progression 
despite intense chemotherapy in 83% with admixed 
adenocarcinoma, but in less than 30% with pure urothelial 
carcinoma.* 
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Figure 12-1 Urothelial carcinoma with squamous 
differentiation. 
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Figure 12-3 Urothelial carcinoma with squamous 
differentiation (A and B). 


Glandular differentiation is defined as the presence of 
true glandular spaces within the tumor. These may be 
tubular or enteric glands with mucin secretion (Figs. 12-4 
to 12-6). However, individual cells containing cytoplasmic 
mucin are present in a significant number of typical 
urothelial carcinomas and are not considered to represent 
true glandular differentiation. A colloid—mucinous pattern 
characterized by nests of cells floating in extracellular 
mucin, occasionally with signet ring cells, may be present. 
Cytoplasmic mucin-containing cells are present in 14% to 
63% of typical urothelial carcinoma and are not considered 
to represent glandular differentiation.!°?° In rare cases, 
the glandular component has the morphology of hepatoid 
or clear cell adenocarcinoma. Glandular differentiation 
may occasionally occur in low grade noninvasive papillary 
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Urothelial carcinoma following augmentation cysto- 
Figure 12-2 Urothelial carcinoma with squamous plasty often shows glandular differentiation; however, its 
differentiation (A and B). prognosis is much worse for urothelial carcinomas with 
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Figure 12-6 Urothelial carcinoma with glandular differentiation (A and B). Note the luminal space with mucin and proteinaceous 


secretions. 
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mixed differentiation arising in other settings.2! Wasco 


et al. have reported a three-year disease-specific survival 
rate in urothelial carcinoma with mixed differentiation of 
69%.° This is more favorable than in the report by Sung 
et al., who reported that all patients receiving augmentation 
cystoplasty series who developed carcinoma died of 
widespread metastases within months.?7! The dramatic 
discrepancy in biological behavior indicates that urothelial 
carcinoma following augmentation cystoplasty is a distinct 
variant rather than a conventional urothelial carcinoma 
with mixed differentiation (see Chapter 21 for further 
discussion). 

The differential diagnosis includes villous adenoma, 
CIS with glandular differentiation, and adenocarcinoma of 
the bladder (see also Chapters 5 and 13). The diagnosis of 
adenocarcinoma of the bladder is reserved for pure tumors. 
The expression of MUCSAC apomucin may be useful as an 
immunohistochemical marker of the usual forms of glan- 
dular differentiation in urothelial tumors.!? A particularly 
important exercise is the differential diagnosis of glandular 
tumors that can occur primarily and secondarily in the blad- 
der. Immunostaining is helpful in these settings. Urothelial 
carcinoma with glandular differentiation can be distin- 
guished from colonic adenocarcinoma since the former is 
CK7 positive, CK20 positive, and villin negative, whereas 
the latter is CK20 positive, villin positive, and CK7 neg- 
ative. Lack of CDX2 and villin immunoreactivity suggests 
a bladder primary adenocarcinoma (see also Chapters 13 
and 23). In general, primary adenocarcinoma of the urinary 
bladder is uncommon. Uroplakin, thrombomodulin, p63, 
CK7, CK20, and high molecular weight cytokeratins are 
useful in confirming urothelial origin. Metastasis from 
other sites should be ruled out. Thyroid transcription 
factor 1 is helpful in the differential diagnosis of lung 
adenocarcinoma. 


Urothelial Carcinoma with Villoglandular 
Differentiation 


Recently, Lim et al. identified 14 cases of papillary 
urothelial carcinoma with villoglandular differentiation, 
containing both components of glandular differentia- 
tion and villous architecture similar to villous adenoma 
(Figs. 12-7 to 12-9).?? Patients had a mean age of 70 
years with a male-to-female ratio of 5:1. By definition, 
these cases included a component of invasive urothelial 
carcinoma or urothelial CIS, a significant feature in 
discriminating such tumors from villous adenoma. In 
contrast, in the 1999 study of villous adenoma by Cheng 
and colleagues, a subset of tumors were associated with 
concurrent bladder adenocarcinoma but not urothelial 
carcinoma.”* 

Microscopically, these tumors are composed superfi- 
cially of finger-like, villous processes with the epithelial 


Figure 12-7 Urothelial carcinoma with villoglandular 
differentiation (A and B). 


lining containing true glandular lumina, some with 
cribriform morphology. These tumors are intermixed 
with other components, including typical urothelial 
carcinoma with or without glandular differentiation, 
micropapillary and plasmacytoid variant, and small cell 
carcinoma. Concurrent cystitis cystica and glandularis was 
present for 21% of cases. Key differential diagnosis 
is ductal prostatic adenocarcinoma involving the bladder 
(Fig. 12-10). 

Clinical outcome data are limited. Based on the frequent 
presence of divergent differentiation and the clinical behav- 
ior of the tumors studied, this variant is probably aggressive. 


Urothelial Carcinoma, Nested Variant 


This rare pattern of urothelial carcinoma was first described 
as a tumor with a “deceptively benign” appearance that 


Histologic Variants of Urothelial Carcinoma 


Figure 12-8 Urothelial carcinoma with villoglandular 
differentiation (A and B). 


closely resembles von Brunn nests infiltrating the lamina 
propria.” The tumor is highly aggressive and should 
always be considered high grade carcinoma (Figs. 12-11 
to 12-13).24-*° It has a male predominance, and many 
patients (70%) die 4 to 40 months after diagnosis, despite 
therapy.7476 

This variant contains a variable proportion of infiltrat- 
ing cell nests (Figs. 12-14 to 12-18). Some nests have 
small tubular lumens. Nuclei generally show little or no 
atypia, but invariably the tumor contains foci of unequivo- 
cal cancer with cells exhibiting enlarged nucleoli and coarse 
nuclear chromatin. This feature is most apparent in the 
deeper aspects of the cancer. The differential diagnosis 
of nested urothelial carcinoma therefore includes promi- 
nent von Brunn nests, cystitis cystica, cystitis glandularis, 
or inverted papilloma. Useful features in recognizing this 
lesion as malignant include the tendency for increasing 
cellular anaplasia in the deeper aspects of the lesion, its 
infiltrative nature, disorderly proliferation of discrete, small 


Figure 12-9 Urothelial carcinoma with villoglandular 
differentiation (A and B). 


Figure 12-10 Ductal prostatic adenocarcinoma mimicking 
urothelial carcinoma with villoglandular differentiation. 
Prostate-specific antigen (PSA) staining is strongly positive 
(not shown). 


Histologic Variants of Urothelial Carcinoma 


Figure 12-11 Nested variant urothelial carcinoma (gross 
appearance). Tumor also invades the prostate (pT4a cancer). 


variably sized nests/tubules, and the frequent presence of 
muscle invasion (Fig. 12-19).24783! A focal myxoid or 
desmoplastic stroma may be present (Fig. 12-20); however, 
in many cases, minimal stromal response is present, further 
compounding this challenging diagnosis. 

Nested urothelial carcinoma, seen either in pure form 
or with a component of usual urothelial carcinoma, has a 
poor outcome. In a study of 30 urothelial carcinoma cases 
with pure or predominant nested morphology, the patients’ 
ages ranged from 41 to 83 years (mean, 63 years) with 
a male-to-female ratio of 2.3:1.2? The nested pattern com- 
prised 50% to 100% of the tumors studied, with some cases 
including typical/usual urothelial carcinoma or urothelial 
CIS concurrently. The architectural patterns of nested carci- 
noma components ranged from a predominantly disorderly 
proliferation of discrete, small, variably sized nests (90%) 
to focal areas demonstrating confluent nests (40%), cord- 
like growth (37%), and cystitis cystica-like areas (33%) to 
tubular growth pattern (13%). The deep tumor stroma inter- 
face was invariably (100%) jagged and infiltrative. Despite 
overall bland cytology, tumor nests demonstrated focal ran- 
dom cytologic atypia (90%) and focal high grade cytologic 
atypia centered within the base of the tumor (40%). The 
tumor stroma ranged from having minimal stromal response 
to being focally desmoplastic and myxoid. A component 
of usual urothelial carcinoma was present in 63% of cases. 
These authors found the nested pattern to represent a highly 
unfavorable feature, with muscle invasion, extravesical dis- 
ease, and metastasis occurring more commonly than typi- 
cal urothelial carcinoma.” When compared with pure high 
grade urothelial carcinoma, nested urothelial carcinoma was 
associated with muscle invasion at transurethral resection 
(31% vs. 70%), extravesical disease at cystectomy (33% 
vs. 83%), and metastatic disease (19% vs. 67%). Fol- 
lowup was available on 29 patients (97%) with a median 


Figure 12-12 Urothelial carcinoma, nested variant (A to C). 
The tumor is in contact with the overlying urothelium (A). The 
deceptively benign appearance of cells in the superficial nests 
belies the malignant nature of this process (B and C). 


Figure 12-13 Lymph node metastasis (A and B) from the 
same case as Fig. 12-12. Cytokeratin AE1/AE3 staining 
highlights the tumor cells (B). 
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Figure 12-14 Urothelial carcinoma, nested variant. Note the 
separation of intact urothelium and cancer. 
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Figure 12-16 Urothelial carcinoma, nested variant. 


of 12 months (range, 1 to 31 months); three (10%) died 
of disease, 16 (55%) were alive with persistent or recurrent 
disease, and 10 (34%) were alive without disease. Response 
to neoadjuvant chemotherapy was observed in two (13%) 
of 15 patients. 

The immunohistochemical features of the nested vari- 
ant are similar to those of high grade urothelial carcinoma, 
with frequent loss of p27 and a high Ki67 (MIB1) labeling 
index.” Tumor cells are positive for high molecular weight 
cytokeratin (92%), CK7 (93%), and p63 (92%) with high 
frequency, and variable CK20 (68%).7? 

The differential diagnosis of the nested variant of 
urothelial carcinoma includes prominent von Brunn 
nests, cystitis cystica and glandularis, inverted papilloma, 
nephrogenic adenoma, paraganglionic tissue, paragan- 
glioma, and urothelial carcinoma with nested-like features 
(Table 12-3).*!3? In the differential diagnosis between 
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Figure 12-17 Urothelial carcinoma, nested variant (A to C). 


florid von Brunn nests and the nested variant, CK20 
IHC evaluation does not appear to be useful, but sig- 
nificantly greater Ki67 and p53 expression are seen in 
nested variant urothelial carcinoma compared to florid 
von Brunn nests. Ki67 expression in more than 7% of 
tumor cells and p53 expression in more than 3% of tumor 
cells is seen only in carcinoma.*? The presence of deep 
invasion is most useful in distinguishing carcinoma from 


Figure 12-19 Urothelial carcinoma, nested variant. Tumor 
invades the muscularis propria. 


benign proliferations, and nuclear atypia is also of value. 
Closely packed and irregularly distributed small tumor 
cell nests favor carcinoma. Inverted papilloma lacks a 
nested architecture. Nephrogenic adenoma typically has 
a mixed pattern, including tubular, papillary, and other 
components, and only rarely has deep muscle invasion in 
the urethra. The nested variant of carcinoma may mimic 
paraganglioma, but the prominent vascular network of 
paraganglioma that surrounds individual nests is different 
than in carcinoma.*3435 


Urothelial Carcinoma, Micropapillary 
Variant 


Micropapillary carcinoma should be considered a distinct 
variant of urothelial carcinoma with a poor prognosis. 136-38 
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Figure 12-20 Urothelial carcinoma, nested variant 
(A to C). Note the myxoid stroma. 


Table 12-3 Key Features in the Differential Diagnosis of the Nested Variant of Urothelial Carcinoma 


Marked Cytologic Atypia _Infiltrative Muscle 
Lumen Formation in Deeper Portion Base Invasion Immunohistochemistry 
Nested variant Yes, variable Yes, frequent Yes, frequent Yes, frequent Low p27“P1, high 
proliferation 
Florid von Brunn Yes, variable No No No Variable 
nests 
Nephrogenic Yes, frequent No Yes, frequent Yes, rare PAX2 and PAX8 + 
metaplasia associated 
papillary 
component 
Cystitis cystica, Yes No No No Variable 
cystitis 
glandularis 
Paraganglionic No, associated No No Yes Neuroendocrine 
tissue and prominent vascular markers + 
paraganglioma network 
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There is a male predominance with a male-to-female ratio 
of 5:1. The patients’ ages range from the fifth to the ninth 
decade, with a mean age of 66 years. The most common 
presenting symptom is hematuria. 

The micropapillary component is found in association 
with noninvasive papillary urothelial carcinoma, consist- 
ing of slender delicate filiform processes or small papillary 
clusters of tumor cells with prominent retraction artifact 
(clefts); when present in invasive carcinoma, it is composed 
of infiltrating tight clusters of micropapillary aggregates 
that are often within lacunae (Figs. 12-21 to 12-25). It is 
important to keep in mind that retraction artifact, or promi- 
nent clefts can also be present in an otherwise conventional 
urothelial carcinoma; therefore, the diagnosis of micropap- 
illary carcinoma might need the presence of additional fea- 
tures. Vascular/lymphatic invasion is common, and most 
cases show invasion of the muscularis propria or deeper, 
often with metastases. Psammoma bodies are infrequent, 
unlike ovarian papillary serous carcinoma. The presence 
of a surface micropapillary component in bladder biopsy 
specimens with cancer is an unfavorable prognostic feature 
(Figs. 12-26 and 12-27), and deeper biopsies may be useful 
to determine the level of muscle invasion. 

Twenty-five percent of cases show glandular dif- 
ferentiation, leading some authors to consider it as a 
variant of adenocarcinoma.*” Micropapillary carcinoma is 
likely to express CA-125, supporting the hypothesis that 
this phenotype is a form of glandular differentiation.” 
Lopez-Beltran et al. recently reported 13 cases of invasive 
micropapillary carcinoma.*! The micropapillary compo- 
nent varied from 50% to 100% of the tumor specimen; 
in 10 cases, the micropapillary component comprised 
greater than 70% of the tumor, with five cases showing 
pure micropapillary carcinoma. The architectural pattern 
of the tumor varied from solid expansile nests with slender 
papillae within tissue retraction spaces to pseudoglan- 
dular growth with prominent ring-like structures (two 
cases, 15%), and invasive micropapillary carcinoma with 
squamous differentiation (two cases, 15%); a streaking 
solid architectural pattern of micropapillary carcinoma was 
additionally present in two cases (15%). The individual 
tumor cells had abundant eosinophilic cytoplasm and 
nuclei with prominent nucleoli and irregular distribution 
of chromatin, and frequent mitotic figures. Most neoplastic ~~ 
cells had nuclei of low to intermediate nuclear grade with (e by 
occasional nuclear pleomorphism. Eight mixed cases had 
concurrent conventional high grade urothelial carcinoma 
with squamous or glandular differentiation in three and one 
cases, respectively. All patients had advanced stage cancer 
(>pT2); and eight (62%) had lymph node metastases.*! 
During a mean followup of 10 months, 11 patients (85%) 
had died of bladder cancer. The mean interval from 
diagnosis to cancer death was 6.2 months. 


Figure 12-21 Urothelial carcinoma, micropapillary variant. 
Gross (A) and microscopic appearance (B and C). 
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Figure 12-23 Urothelial carcinoma, micropapillary variant (A to D). 
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Figure 12-24 Urothelial carcinoma, micropapillary variant (A to D). 
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Figure 12-25 Urothelial carcinoma, micropapillary variant (A and B). Tumor also invades the muscularis propria. 
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Figure 12-26 Urothelial carcinoma, micropapillary variant 
(A and B). Note the surface involvement. 


Immunohistochemical studies disclosed immunore- 
activity of the micropapillary carcinoma for epithelial 
membrane antigen (EMA), both CK7 and CK20, and 
LeuM1 (CD15) in all 20 cases studied.*? Samaratunga and 
Khoo confirmed these observations and noted that immuno- 
histochemical staining was positive for CK7, CK20, EMA, 
carcinoembryonic antigen (CEA), and high molecular 
weight cytokeratin 34bE12 in micropapillary carcinoma 
and conventional urothelial carcinoma (Fig. 12-28). In 
this series, CA125 staining was seen in only 43% of 
the micropapillary carcinomas. In another recent series, 
micropapillary and associated conventional urothelial 
carcinoma were positive for MUCI and MUC2, CK7, 
phosphatase and tensin homolog (PTEN), p53, uroplakin, 
CA125, CK20, high molecular weight cytokeratin 348E12, 
and p16.4! MUCSA, MUC6, and CDX2 were negative in 
all micropapillary cases.*! 

In the micropapillary pattern of invasive carcinoma, the 
expression of MUCI is largely limited to the basal surface 
of the cells facing the stroma, in contrast to the conven- 
tional carcinomas in which MUCI is largely apical, intra- 
cytoplasmic, or intercellular.” The MUC1 expression was 
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Figure 12-27 Urothelial carcinoma, micropapillary variant 
(A and B). Note the surface involement. 


predominantly in the aspect of the cell clusters facing the 
stroma, accentuating the outlines of the micropapillary units 
by forming a distinct band on the surface.4? This observa- 
tion provides support for the hypothesis that the reversal 
of cell polarity is an important factor in the pathogene- 
sis of invasive micropapillary carcinoma. Because MUC1 
is known to be involved in lumen formation and has an 
inhibitory effect on cell—stroma interaction, it may play an 
important role in the detachment of cells from the stroma, 
easing the spread of neoplastic cells. 

Differential considerations include serous ovarian carci- 
noma in women or mesothelioma in both sexes.*? Carcino- 
mas with micropapillary histology have also been reported 
in the lung, breast, pancreas, and salivary glands. Clini- 
cal correlation is usually required, but the possibility of 
a bladder primary may be suggested if there is no obvi- 
ous primary tumor at another anatomic site. Identification 
of an admixed urothelial carcinoma of more typical mor- 
phology or immunohistochemical support (CK7, CK20, and 
uroplakin III positivity) would be helpful.“ 


Histologic Variants of Urothelial Carcinoma 


Figure 12-28 Urothelial carcinoma, micropapillary variant 
(A to C). Cytokeratin 7 staining is strongly positive. 


Micropapillary carcinoma is considered a highly malig- 
nant variant histologic subtype of urothelial carcinoma 
that closely resembles papillary serous carcinoma of 
the ovary.** A series by Kamat et al. is remarkable 
for the high proportion of nonmuscle invasive disease 
compared with other variant histologies; 44% had pT1 
disease. These authors suggested that intravesical therapy 
should not be given. Patients are likely to progress while 
receiving bacillus Calmette—Guérin (BCG) or intravesical 
chemotherapy, and will have a worse outcome after subse- 
quent cystectomy. In patients who underwent cystectomy 
after failed intravesical therapy, the median survival was 
62 months. In those who underwent primary cystectomy, 
the median survival had not yet been reached after up to 
15 years of followup.*° Samaratunga and Khoo found that 
the prognosis is related to the proportion and location of 
the micropapillary component.*? Cases with a moderate 
or extensive micropapillary component are at high risk 
for having an advanced stage at presentation. Cases with 
less than 10% micropapillary component and a surface 
micropapillary component have a high chance of detection 
at an early stage. 


Urothelial Carcinoma, Microcystic 
Variant 


The rare microcystic variant of urothelial carcinoma is char- 
acterized by the formation of microcysts, macrocysts, or 
tubular structures ranging in size from microscopic to 2 cm 
in diameter (Figs. 12-29 and 12-30).47-*? The cysts and 
tubules may be empty or contain necrotic debris or mucin 
that stains with periodic acid—Schiff stain after diastase 
digestion. This morphologic variant has also been reported 
in association with renal pelvic carcinoma. 

This variant of cancer may be confused with benign 
proliferations such as florid polypoid cystitis cystica and 
glandularis and nephrogenic metaplasia*®°° and thus rep- 
resents a potential pitfall. Helpful diagnostic features may 
include the characteristic variation in cyst size as well as the 
infiltrative growth pattern throughout the bladder wall. In 
comparison, cystitis cystica/glandularis may exhibit a simi- 
lar tubular proliferation, without extension into the bladder 
wall. The microcystic variant should be separated from the 
nested variant of urothelial carcinoma and from urothe- 
lial carcinoma with small tubules.?”>° A case of urothelial 
carcinoma of the urinary bladder with microcystic compo- 
nent simulating prostatic adenocarcinoma Gleason pattern 3 
has been reported recently.>! Immunohistochemical studies 
showed that the acinar/tubular component of the tumor was 
negative for prostate-specific antigen (PSA) and prostate- 
specific acid phosphatase (PSAP), but positive for CK7, 


Figure 12-29 Urothelial carcinoma, microcystic variant 
(A and B). 


CK20, high molecular weight cytokeratin (348E12), and 
thrombomodulin. 


Urothelial Carcinoma, Inverted Variant 
(Urothelial Carcinoma with Inverted 
Growth) 


Recent interest in urothelial carcinoma with inverted 
growth arose because they can be misdiagnosed as a 
benign inverted papilloma (Figs. 12-31 and 12-32).>? 
Inverted variant of urothelial carcinoma can show variable 
cytological and architectural abnormalities, but invariably 
has a higher mitotic count and cell proliferation, as seen by 
Ki67, high p53 accumulation, aberrant CK20 expression, 
and frequent polysomies at chromosome 3, 7, and 17, and 
loss of 9p21.>° This profile has been very useful in the 
differential diagnosis with inverted papilloma. 
See Chapter 17 for further discussion. 
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Figure 12-30 Urothelial carcinoma, microcystic variant 
(A to C). 
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Figure 12-31 Urothelial carcinoma, inverted variant 
(A and B). Note the cytologic atypia. 


Urothelial Carcinoma, Lipid Cell Variant 


The lipid cell variant is a rare neoplasm defined by the 
World Health Organization (WHO) as a type of urothe- 
lial carcinoma that exhibits transition to cells resembling 
signet ring lipoblasts (Figs. 12-33 and 12-34). It frequently 
presents with gross hematuria.** These tumors are typically 
associated with advanced-stage high grade urothelial carci- 
noma, where the prognosis is poor, and is clonally related 
to the concurrent conventional urothelial carcinoma. 

A recent report based on 27 cases showed that the lipid 
cell component varied from 10% to 50% of the tumor spec- 
imen; in 11 cases, the lipid cell component comprised more 
than 30% of the tumor.°> Pathologic stage at diagnosis was 
Ta (n = 1), T1 (n = 2), T2, (at least n = 7), T3a (n = 4), 
T3b (n = 8), and T4a (n = 5). Sixteen of the patients died 
of disease within 16 to 58 months (mean, 33 months) and 
eight patients were alive with disease at 8 to 25 months 
(mean, 22 months). Three additional patients died of other 
causes at 6 to 15 months (mean, 10 months). 


Figure 12-32 Urothelial carcinoma, inverted variant 
(A and B). Note the cytologic atypia. 


Figure 12-33 Urothelial carcinoma, lipid cell variant. 


The architectural pattern of the tumor varied from solid 
expansile to infiltrative nests. The large epithelial tumor 
cells had an eccentrically placed nucleus and abundant 
vacuolated cytoplasm resembling signet ring lipoblasts. 
Mucin stains were negative in all cases. Typical features of 
high grade conventional urothelial carcinoma were present 
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in all cases, with micropapillary or plasmacytoid carcinoma 
in two and one cases, respectively; extensive squamous 
or glandular differentiation was present in two additional 
cases. Most neoplastic cells had nuclei of intermediate 
nuclear grade with occasional nuclear pleomorphism. 

Immunohistochemical staining demonstrated that the 
lipid cell component was positive for cytokeratins 7, 20, 
CAMS.2, high molecular weight (348E12) and AE1/AE3, 
epithelial membrane antigen, and thrombomodulin; 
vimentin and S100 protein were negative. The loss of 
heterozygosity (LOH) analysis was performed on eight 
cases using four polymorphic microsatellite markers 
(D9S171, D9S177, IFNA, and TP53); LOH (at least in 
one marker) was present in six cases. The LOH results 
were the same for lipid variant and conventional urothelial 
carcinoma. Electron microcopy analysis based on two 
cases supported lipid content in tumor cells.* 

In limited samples, lipid cell variant urothelial carci- 
noma may be misdiagnosed as liposarcoma, sarcomatoid 
carcinoma (carcinosarcoma) with a liposarcomatous com- 
ponent, or signet ring cell carcinoma. The finding of lipid 
cells immunoreactive for epithelial markers can be very 
useful in this setting. 


Urothelial Carcinoma, Plasmacytoid 
Variant 


This is a rare aggressive variant of urothelial carcinoma 
with poor prognosis. These patients typically present 
with hematuria at an advanced stage (Figs. 12-35 to 
12-40),156-65 

Zukerberg et al. described two cases of bladder carci- 
noma that diffusely permeated the bladder wall and were 


Figure 12-34 Urothelial carcinoma, lipid cell variant 
(A to ©). 


Figure 12-35 Urothelial carcinoma, plasmacytoid variant. 
Tumor invades the rectum, involving rectal mucosa. It also 


invades the prostate. 
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Figure 12-36 Urothelial carcinoma, plasmacytoid variant 
(A and B). 


composed of cells with a monotonous appearance mimick- 
ing lymphoma.®° The tumor cells were medium-sized, with 
eosinophilic cytoplasm and eccentric nuclei producing a 
plasmacytoid appearance. Typical urothelial carcinoma was 
present in one case. The epithelial nature of the malignancy 
was confirmed by immunoreactivity for cytokeratin and car- 
cinoembryonic antigen and negative staining for lymphoid 
markers. A similar bladder tumor with prominent plasma- 
cytoid pattern presented as a scalp metastasis mimicking 
multiple myeloma.*® 

A recent report based on 11 cases showed that the plas- 
macytoid component varied from 30% to 100% of the tumor 
specimen; in eight cases, the plasmacytoid component com- 
prised greater than 50% of the tumor, with two cases show- 
ing pure plasmacytoid carcinoma." Seven of nine mixed 
cases had concurrent conventional high grade urothelial car- 
cinoma, and the remaining two cases presented features of 
nested or micropapillary urothelial carcinoma. All patients 
had advanced-stage cancer (>pT3), and eight (73%) had 


Figure 12-37 Urothelial carcinoma, plasmacytoid variant 
(A and B). 


Figure 12-38 Urothelial carcinoma, plasmacytoid variant. 
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lymph node metastasis. On followup, nine of the patients 
(82%) died of disease within 2 to 11 months, and two 
patients were alive with disease at 8 and 16 months. 

The architectural pattern of the tumor varied from solid 
expansile nests with discohesive cells to mixed solid and 
alveolar growth; a streaking discohesive architecture was 
additionally present in two cases (18%). Rarely, a myxoid 
pattern was present. Histologically, the individual tumor 
cells had an eccentrically placed nucleus and abundant 
eosinophilic cytoplasm reminiscent of plasma cells. Most 
neoplastic cells had nuclei of low to intermediate nuclear 
grade with occasional nuclear pleomorphism. Small 
intracytoplasmic vacuoles were variably present in all 
cases. Immunohistochemical staining demonstrated that 
both plasmacytoid and associated conventional urothelial 
carcinoma were positive for CK7, CK20, AE1/AE3, and 
EMA; CD138 was positive in three cases (Fig. 12-41). 


Figure 12-39 Urothelial carcinoma, plasmacytoid variant. 
Tumor invades the muscularis propria. 


Urothelial carcinoma, plasmacytoid variant 


Figure 12-41 
Figure 12-40 Urothelial carcinoma, plasmacytoid variant (A and B). Note the strong and diffuse cytokeratin 20 
(A and B). Tumor invades the muscularis propria. immunostaining. 
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Table 12-4 Main Differential Features of Bladder Tumors with Plasmacytoid Cells 


Cytologic Features 


Immunohistochemical Features? 


Nuclear Shape Nucleolus Cytoplasm* Pan-CK Vim CK7 CK20 S100 LCA HMB45 Syn CD138 Desmin 


Plasmacytoid carcinoma Round £ Eosino/ampho 
Rhabdoid carcinoma Round ae Eosino 

Signet ring cell carcinoma Indented ae Ampho/clear 
Lymphoma/plasmacytoma Round + Eosino/ampho 
Paraganglioma/ Round ap Ampho/clear 

neuroendocrine carcinoma 

Melanoma Round + Eosino 
Rhabdomyosarcoma Round/fusiform ae Scant/eosino 


4Ampho, amphophilic; eosino, eosinophilic. 
bck, cytokeratin; Vim, vimentin; LCA, leukocyte common antigen; Syn, synaptophysin. 


The differential diagnostic considerations include 
lymphoid reaction, lymphoma, multiple myeloma, urothe- 
lial carcinoma with rhabdoid features, signet ring cell 
adenocarcinoma, paraganglioma, neuroendocrine carci- 
noma, melanoma, and rhabdomyosarcoma (Table 12-4). 
Identification of an epithelial component by immunohisto- 
chemistry confirms the diagnosis. Immunohistochemistry 
using CD45 (leukocyte common antigen) or cytokeratins 
is useful. In limited samples, it may be misdiagnosed as 
chronic cystitis or plasmacytoma, a pitfall further com- 
pounded by CD138 (marker of plasma cells) expression in 
some cases. Morphologic distinction from other malignant 
neoplasms with plasmacytoid phenotype is critical for its 
clinical management (Table 12-4). 


Lymphoepithelioma-like Carcinoma 


Fewer than 100 cases of carcinoma histologically resem- 
bling lymphoepithelioma of the nasopharynx have been 
described in the urinary bladder (Figs. 12-42 to 12-45).97-”4 
This variant is more common in men than in women (male- 
to-female ratio, 2.8: 1) and occurs in late adulthood (range, 
54 to 84 years; mean, 70 years). Most patients present 
with hematuria. The tumor is solitary and usually involves 
the dome, posterior wall, or trigone, often with a sessile 
growth pattern. 

Histologically, it may be pure or mixed with typical 
urothelial carcinoma. Cases with a typical urothelial 
carcinoma component have been reported in the ureter and 
renal pelvis. Glandular and squamous differentiation may 
be seen. The epithelial component is composed of nests, 
sheets, and cords of undifferentiated cells with large pleo- 
morphic nuclei and prominent nucleoli. The cytoplasmic 
borders are poorly defined, imparting a syncytial appear- 
ance. The background consists of a prominent polyclonal 
lymphoid stroma that includes T and B lymphocytes, 
plasma cells, histiocytes, and occasional neutrophils or 
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eosinophils that frequently invade the epithelial nests. 
Epstein-Barr virus infection has not been identified in 
lymphoepithelioma-like carcinoma of the bladder, although 
it is frequent in cases from the head and neck region. The 
epithelial cells of this tumor stain with several cytokeratin 
markers, including AE1/AE3, CK7, and CK8. They are 
rarely positive for CK20. This tumor has been found to be 
responsive to chemotherapy when it is encountered in its 
pure form.’°73 

Most reported cases in the urinary bladder had a 
relatively favorable prognosis when pure or in predominant 
form, but when the lymphoepithelioma-like carcinoma is 
focally present in an otherwise typical urothelial carci- 
noma, the neoplasm behaves like conventional urothelial 
carcinoma of the same grade and stage. Most reported 
tumors are muscle-invasive carcinomas (pT2 or higher). 
Some studies have shown that tumors with a predominant 
lymphoepithelioma-like histology have a more favorable 
prognosis than those with only a focal component of this 
histology. In a large series, cases treated with cystectomy 
had a five-year actuarial survival rate of 59% (62% for 
pure and 57% for mixed); in comparison the five-year 
recurrence-free rate of muscle-invasive bladder cancer 
treated by cystectomy was similar and in the range 65 
to 68%." 

The major differential diagnostic considerations are 
poorly differentiated urothelial carcinoma with lymphoid 
stroma, poorly differentiated squamous cell carcinoma, 
and lymphoma. The presence of recognizable urothe- 
lial or squamous cell carcinoma does not exclude 
lymphoepithelioma-like carcinoma; rather, the diagnosis 
is based on finding areas typical of lymphoepithelioma 
reminiscent of that in the nasopharynx. Differentiation 
from lymphoma may be difficult, but the presence of a 
syncytial pattern of large malignant cells with a dense 
polymorphous lymphoid background is an important clue. 
Immunohistochemistry reveals cytokeratin immunoreac- 
tivity in the malignant cells, confirming their epithelial 
nature. It is possible to overlook the malignant cells 
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Figure 12-42 Lymphoepithelioma-like carcinoma of the 
bladder (A and B). Immunostaining for high molecular weight 
cytokeratin 348E12 highlights the tumor cells. 


in the background of inflamed bladder mucosa and to 
misdiagnose the condition as florid chronic cystitis. The 
clinical significance of lymphoepithelioma-like carcinoma 
rests with the apparent chemosensitivity of this tumor. 


Urothelial Carcinoma, Clear Cell 
(Glycogen-rich) Variant 


Up to two-thirds of urothelial carcinoma cases have foci 
of clear cell change resulting from abundant glycogen. The 
glycogen-rich clear cell “variant” of urothelial carcinoma, 
recently described, appears to represent the extreme end 
of the morphologic spectrum, consisting predominantly or 
exclusively of cells with abundant clear cytoplasm that stain 
for CK7 (Figs. 12-46 and 12-47).-78 Recognition of this 
pattern avoids confusion with clear cell adenocarcinoma of 


Figure 12-43 Lymphoepithelioma-like carcinoma of the 
bladder (A to C). 
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Figure 12-46 Urothelial carcinoma, clear cell (glycogen-rich) variant (A and B). 
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Figure 12-48 Sarcomatoid carcinoma (A and B). 


the bladder and metastatic clear cell carcinoma from the 
kidney or other sites.’ Also, the recently described variant 
of bladder paraganglioma may be misdiagnosed as urothe- 
lial carcinoma in transurethral resection specimens mainly 
because of the infiltrative growth pattern and the clear cell 
appearance of the tumor cells.8° Paraganglioma cells are 
characteristically immunoreactive for chromogranin A and 
S100 protein.*° 


Sarcomatoid Carcinoma 


Figure 12-47 Urothelial carcinoma, clear cell See Chapter 16 for further discussion (Fig. 12-48). 


(glycogen-rich) variant (A to C). The cytoplasmic vacuoles 


a al Large Cell Undifferentiated Carcinoma 


Large cell undifferentiated carcinoma is more common in 
the lung but has been described in other organs as a rare and 
aggressive disease (Fig. 12-49). Large cell undifferentiated 
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Figure 12-49 Large cell undifferentiated carcinoma 
(A and B). 


carcinoma of the urinary bladder refers to carcinomas that 
are composed of sheets or isolated undifferentiated cells 
that do not fit into urothelial, squamous, adenocarcinoma, 
or any other recognized category of bladder carcinoma. 
There tumors are rare and if present in a metastatic site, 
the histology would not suggest a urothelial primary.®! 

A recent report by Lopez-Beltran et al. presented the 
clinicopathologic features of eight cases of large cell undif- 
ferentiated bladder carcinoma.*! These tumors are charac- 
terized by sheets of large polygonal or round cells with 
moderate to abundant cytoplasm and distinct cell borders. 
The large cell undifferentiated component varied from 90% 
to 100% of the tumor specimen, with five cases showing 
pure tumors. The architectural pattern of the tumor varied 
from infiltrating tumor to solid expansile nests with focal 
(< 5%) discohesive growth pattern in two cases. 

Immunohistochemical staining demonstrated that large 
cell undifferentiated cases were positive for AEI/AE3 
and CK7. CAMS.2, CK20, thrombomodulin, and uro- 
plakin HII were positive in six, three, three, and two 


cases, respectively. Other immunohistochemical markers 
performed in the differential diagnosis context included 
a-fetoprotein, hCG, PSA, vimentin, synaptophysin, 
and chromogranin, and all were negative. Ki67 and p53 
labeling indexes ranged from 50% to 90% and 40% to 
90%, respectively. 

Large cell undifferentiated is an aggressive variant 
of urothelial carcinoma that presents at an advanced 
stage with poor prognosis. In a series of eight cases, all 
patients had advanced-stage cancer (> pT3), and seven 
(88%) had lymph node metastases.’! Six patients died 
of disease within 5 to 26 months and two patients were 
alive with metastases at 6 and 14 months. The prognosis 
of large cell undifferentiated carcinoma was compared 
with conventional urothelial carcinoma of similar stages 
showing survival differences (P = 0.0004).8! 


Osteoclast-rich Undifferentiated 
Carcinoma 


Osteoclast-rich “giant cell tumors” or “osteoclastoma-like 
giant cell tumors” of the pancreas, gallbladder, liver, breast, 
salivary gland, thyroid, skin, lung, intestines, larynx, and 
female genital tract have been reported. Fewer than 20 cases 
of a similar spectrum have been reported in the bladder, 
most as case reports.» *83 In a series of six cases, four of 
five patients with followup died of disease, three with doc- 
umented metastasis.*+ A large majority of patients reported 
in case reports that have adequate followup also had docu- 
mented metastatic disease or cancer death. 

The tumors are composed of mononuclear cells (fre- 
quently positive for epithelial markers), osteoclast-like giant 
cells (positive CD68, CD51, and CD54), and recognizable 
usual urothelial neoplasia (CIS, papillary, or invasive car- 
cinoma) in varying proportions (Figs. 12-50 to 12-52).°4 


Figure 12-50 Osteoclast-rich undifferentiated carcinoma. 
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Some areas may be composed entirely of histology similar 
to giant cell tumors of bone, whereas other areas may 
show single cells or aggregates of mononuclear cells with 
a spectrum of atypia, including marked pleomorphism, 
which are distinct from the nuclei of the osteoclast-like 
giant cells. These mononuclear cells may stain for pancy- 
tokeratin, EMA, CAMS5.2, and CK7; and rarely for S100 
protein, actin, desmin, and p53.8+ Although these tumors 
have several histological features of their skeletal coun- 
terparts, including areas with blood-filled cysts mimicking 
aneurysmal bone cyst, it is believed that these tumors rep- 
resent true undifferentiated carcinomas due to cytokeratin 
positivity, concurrent presence of high grade urothelial 
neoplasia, matched p53 positivity in mononuclear cells and 
urothelial tumor cells, and the poor prognosis of tumors 
with this histology.8+ These tumors should be distinguished 
from urothelial carcinoma with syncytiotrophoblastic giant 
cells and urothelial carcinoma with osteoclast-type giant 
cell reaction (see the discussion below). 


Pleomorphic Giant Cell Carcinoma 


Pleomorphic giant cell carcinoma is a rare form of blad- 
der cancer recognized by the current WHO classification of 
urologic tumors.** It is an aggressive variant of urothelial 
carcinoma associated with poor prognosis that presents at 
an advanced stage.*>8¢ 
A recent study based on eight cases showed that the 
: pleomorphic giant cell component varied from 20% to 
Figure 12-51 Osteoclast-rich undifferentiated carcinoma 100% of the tumor specimen; in two cases, the pleomorphic 
(A and B). giant cell component comprised more than 50% of the 
tumor, with one case showing pure pleomorphic giant cell 
carcinoma.’ The architectural pattern of the tumor varied 
from infiltrating pleomorphic tumor with bizarre giant cells 
to solid expansile nests with discohesive growth pattern; a 
hypocellular desmoplastic stromal response was present in 
two cases (25%), with single cells in sclerotic stroma.®° 
Histologically, giant, bizarre, anaplastic cells with 
frequent typical or atypical mitotic figures were present 
in all cases (Figs. 12-53 to 12-55). Seven mixed cases 
had concurrent conventional high grade urothelial carci- 
noma; two cases presented features of micropapillary or 
lymphoepithelioma-like urothelial carcinoma. Variable- 
sized intracytoplasmic vacuoles were present in two cases. 
All patients had advanced-stage cancer (>pT3); and six 
(75%) had lymph node metastases. Immunohistochemical 
staining demonstrated that both pleomorphic giant cell car- 
cinoma and associated conventional urothelial carcinoma 
were positive for CK7, CAMS5.2, AE1/AE3, and EMA; 
p63, thrombomodulin, and uroplakin III were positive in 
six, three, and two cases, respectively. On followup, five 
Figure 12-52 Osteoclast-rich undifferentiated carcinoma. patients died of disease within 6 to 17 months, and two 
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Figure 12-53 Pleomorphic giant cell carcinoma. 
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Figure 12-54 Pleomorphic giant cell carcinoma (A and B). 
Cytokeratin staining is strongly positive (B). 


Figure 12-55 Pleomorphic giant cell carcinoma. 


patients were alive with metastases at 11 and 19 months. 
One patient had no evidence of disease at 74 months. 

The main differential diagnosis includes giant cell car- 
cinoma in the lung or from other uncommon anatomic 
locations, and this is currently based on clinical means. The 
giant cells display cytokeratin and vimentin immunoreac- 
tivity. Also, other bladder tumors with giant cells associated 
with hCG production, osteoclast-type giant cells, and sarco- 
matoid carcinoma with occasional pleomorphic giant cells 
should enter the differential diagnosis. In limited samples, 
pleomorphic giant cell carcinoma may be misdiagnosed as 
sarcoma, a pitfall of paramount importance for its clinical 
management. 


Other Morphological Variations in 
Bladder Cancer 


Diverse morphologic variations can be seen in urothelial 
carcinoma. They are usually associated with coexisting high 
grade urothelial carcinoma. 


Urothelial Carcinoma with Chordoid Features 


This is a recently described entity with a unique chor- 
doid morphology characterized by prominent cellular 
cording and associated myxoid stromal matrix, a pattern 
closely resembling extraskeletal myxoid chondrosarcoma 
(Figs. 12-56 and 12-57).8’ Urothelial carcinoma with 
chordoid features has a morphologic pattern of urothelial 
carcinoma that may potentially mimic a spectrum of 
primary vesical and nonvesical neoplasms with myxoid 
or mucinous components. These carcinomas maintain an 
immunophenotype characteristic of urothelial carcinoma 
and usually present with high-stage disease. 
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Figure 12-56 Urothelial carcinoma with chordoid features 
(A and B). 


In Cox’s study of 12 cases, the patients’ ages ranged 
from 50 to 85 years (mean, 68 years); there were eight 
males and four females. The specimens consisted of five 
cystectomies, six transurethral resections, and one anterior 
exenteration with right nephroureterectomy. Morphologi- 
cally, each case had at least focal areas in which acellular 
myxoid stroma was associated with the carcinoma cells. 
When well developed, the neoplastic cells had scant 
eosinophilic cytoplasm and were arranged into cords 
closely mimicking extraskeletal myxoid chondrosarcoma, 
chordoma, mixed tumor/myoepithelioma of soft tissue, and 
yolk sac tumor. The percentage of tumor with a chordoid 
appearance ranged from 5% to 95% (mean, 39%; median, 
25%). No conventional sarcomatous differentiation, no 
intracytoplasmic mucin, and no glandular formation was 
present in any case. All 12 cases had foci of typical 
urothelial carcinoma present at least focally and a gradual 
transition to the chordoid pattern was commonly seen.’’ 

Immunophenotypically, these tumors show strong 
immunoreactivity for p63 (nuclear) and CK348E12 
(cytoplasmic). Immunostains for CK20, calponin, glial 


Figure 12-57 Urothelial carcinoma with chordoid features 
(A and B). (Photo courtesy of Dr. McKenney.) 


fibrillary acidic protein, oncofetal protein glypican-3, and 
brachyury and were negative in the seven cases studied, 
whereas S100 protein had focal staining (< 5%) in one 
case. The myxoid stromal component was diffusely positive 
for colloidal iron and Alcian blue; periodic acid—Schiff 
was negative in all eight cases, whereas mucicarmine was 
focally positive in only two of eight cases. Most cases 
were high stage (pT4: five, pT3: four, pT2: two, and pT1: 
one), and six of eight cases (75%) with nodal sampling had 
metastatic disease. In one case, the lymph node metastasis 
had areas with chordoid morphology. Nine of 12 patients 
had available followup: two were dead of disease (1 and 
10 months), four were alive with disease (5 to 8 months) 
with distant metastasis in three, and three had no evidence 
of disease at last followup (2 to 120 months).°7 


Urothelial Carcinoma with Small Tubules/Acini 


Although a prominent tubular component may accompany 
a nested carcinoma, some urothelial carcinomas may have 
an almost exclusive component of small- to medium-sized, 
round to elongated tubules that may be misdiagnosed as 
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nephrogenic adenoma or cystitis glandularis (Figs. 12-58 
and 12-59).273!5! Furthermore, the tubules of urothelial 
carcinoma are lined by attenuated urothelial cells, in con- 
trast to the varying admixture of cuboidal, columnar, and 
occasionally flattened cells that line the tubules of nephro- 
genic adenoma. Urothelial carcinoma with small tubules 
may be widely invasive despite their deceptively bland his- 
tology. The biological significance of this pattern is unclear 
given the rarity of cases, but some of these cases occur in 
conjunction with the nested pattern and are widely inva- 
sive, having an aggressive outcome because of their high 
stage at presentation. Similar to the nested variant, the chief 
reason for the awareness of this morphological variant of 
urothelial carcinoma is not to mistake it in superficial biop- 
sies as a benign glandular proliferative lesion. Some authors 
believe that urothelial carcinoma with small tubules should 
be considered within the spectrum of nested carcinoma. The 
differential diagnosis with an extension of a prostatic car- 
cinoma is often also a consideration but is easily handled 
by immunohistochemistry (PSA and PSAP are positive in 
prostate cancer; CK20, high molecular weight cytokeratin, 
and p63 are positive in more than one-half of urothelial 
carcinomas).°! 


Urothelial Carcinoma with Syncytiotrophoblastic 
Giant Cells 


Syncytiotrophoblastic giant cells are present in up to 
12% of cases of urothelial carcinoma, producing sub- 
stantial amounts of immunoreactive 6-human chorionic 
gonadotropin (BhCG) (Figs. 12-60 to 12-64).88- The 
number of BhCG-immunoreactive cells is inversely related 
to tumor grade.?>"° Secretion of BhCG into the serum may 
be associated with a poor response to radiation therapy.” 
The most important differential diagnostic consideration 
is choriocarcinoma. Most cases of primary choriocarcinoma 


Figure 12-58 Urothelial carcinoma with small tubules. 


Figure 12-59 Urothelial carcinoma with acini. (Photo 
courtesy of Dr. Chu.) 


Figure 12-60 Urothelial carcinoma with 
syncytiotrophoblastic giant cells. 


of the bladder reported previously were actually urothelial 
carcinoma with syncytiotrophoblasts.°? Pure choriocarci- 
noma of the bladder is rare, with fewer than 10 cases 
reported.’ Hanna et al. reported a primary choriocarcinoma 
of the bladder in a 19-year-old man showing a high copy 
number of the isochromosome 12p that supported germ cell 
differentiation.” 

A recent case report?t showing micropapillary car- 
cinoma with trophoblastic differentiation found that the 
tumor expressed BhCG and human placental lactogen 
in trophoblastic areas and CK20 and high molecular 
weight cytokeratin in all tumor components, suggesting 
the urothelial origin of the trophoblastic component. 
Trophoblastic differentiation has also been reported in 
association with sarcomatoid carcinoma of the bladder (see 
also Chapter 16). 
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Figure 12-61 Urothelial carcinoma with syncytiotrophoblastic giant cells (A and B). 
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Figure 12-64 Urothelial carcinoma with 
syncytiotrophoblastic giant cells (A to C). Cytokeratin 
AE1/AE3 is strongly positive in urothelial carcinoma (B). 
Scattered syncytiotrophoblasts are positive for human 
chorionic gonadotropin immunostaining (C). 


Urothelial Carcinoma with Discohesive Growth 


Baldwin et al. described a series of 10 cases of urothe- 
lial carcinoma with a striking discohesive growth pattern 
showing morphological features that mimicked infiltrating 
lobular carcinoma of the breast and diffuse carcinoma of the 
stomach (Figs. 12-65 and 12-66).! Eight of the patients 


Figure 12-65 Urothelial carcinoma with discohesive growth 
(A and B). 


were male and two were female. The mean age was 67 
years at presentation (range, 52 to 77 years). All the cases 
showed areas where the tumor was composed of uniform 
cells with a discohesive, single cell, diffusely infiltrative 
growth pattern. In some areas, the tumor cells were arranged 
in linear single cell patterns (Indian-file pattern), and in sep- 
arate areas, the tumor cells were arranged in solid sheets 
of discohesive cells. In all of the cases, some tumor cells 
showed prominent intracytoplasmic vacuoles. In addition 
to this pattern, four cases showed typical transitional cell 
carcinoma or CIS. Tumor cells expressed CK20 but not 
estrogen receptors. This pattern is important to recognize 
to avoid misdiagnosis of signet ring cell adenocarcinoma 
and metastatic lobular carcinoma of the breast, especially in 
small biopsies. Secondary bladder tumors with a character- 
istic single cell (Indian-file) invading pattern such as lobular 
carcinoma of the breast or poorly differentiated carcinoma 
of the stomach are the main differential diagnostic con- 
siderations for bladder carcinoma with discohesive growth 
pattern. 


Figure 12-66 Urothelial carcinoma with discohesive re 
(A and B). 


It is uncertain if urothelial carcinoma with discohesive 
growth pattern may represent a special variant of plasma- 
cytoid urothelial carcinoma. 


Urothelial Carcinoma with Rhabdoid Features 


Rarely bladder carcinomas may exhibit rhabdoid features 
(Fig. 12-67).!°! A recent report based on six cases showed 
that all patients were men, with ages ranging from 53 to 
86 years (mean, 66.5 years).!°* Patients initially presented 
with hematuria or obstructive symptoms. The sites included 
bladder (n = 4) and renal pelvis (n = 2). In addition to 
the rhabdoid component, multiple coexistent histological 
components were seen, including in situ urothelial carci- 
noma and high grade papillary urothelial carcinoma (n = 
2), poorly differentiated carcinoma with small cell features 
(n = 1), sarcomatoid (n = 2), and a myxoid component 
(n = 2). All cases in this series had focal or diffuse posi- 
tive staining with one or more cytokeratin markers (EMA, 
CAMS.2, AE1/AE3). Of the six patients, two died within 
1 month, and a third patient died within 4 months. The 
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Figure 12-67 Urothelial carcinoma with rhabdoid features. 


remaining three patients were alive at 3, 3, and 9 months, 
respectively, after diagnosis. 


Urothelial Carcinoma with Multiple 
Histologic Patterns 


Another important observation when dealing with urothelial 
carcinoma is that occasionally tumors with divergent (or 
aberrant) differentiation show multiple histologic patterns 
within the same tumor, such as sarcomatoid, small cell, 
micropapillary, squamous, and glandular differentiation, 
and virtually all variants described above could be present 
(Fig. 12-68).! When multiple histologies are encountered, 


Figure 12-68 Urothelial carcinoma with multiple histologic 
pattern. Histologic heterogeneity of bladder cancer is 
relatively common. Different components (small cell 
carcinoma, urothelial carcinoma, and adenocarcinoma) are 
seen in the same field. 
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it is recommended that the relative percentage of each 
of the different components be provided: for example, 
invasive high grade urothelial carcinoma (50%), with 
squamous differentiation (20%), glandular differentiation 
(10%), and micropapillary variant (10%). 


Urothelial Carcinoma with Small Cell Carcinoma 
Component 


When small cell carcinoma is present in association 
with urothelial carcinoma, even focally, it portends a 
poor prognosis (Fig. 12-69; see Chapter 15 for further 
discussion).!°? The pathologist should examine all sections 
of urothelial carcinoma carefully to exclude this possibil- 
ity, as small cell carcinoma is an important finding and 
usually dictates different therapy. Unlike other forms of 
mixed differentiation that are often considered histologic 
novelties, small cell carcinoma dominates and should be 
highlighted in the diagnosis, due to its clinical importance. 
The pathologists should give the estimated percentage of 
small cell carcinoma component in the pathology report. 
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Figure 12-69 Small cell carcinoma of the bladder (A and B). 
Small cell carcinoma of the bladder is often accompanied by 
other components, such as conventional urothelial 
carcinoma (A). 


Urothelial Carcinoma with 
Tumor-associated Stromal Reactions 


Urothelial carcinoma may be associated with a variety of 
stromal reactions that mimic sarcoma or inflammation. 


Urothelial Carcinoma with Pseudosarcomatous 
Stromal Reaction 


Urothelial carcinoma and other tumors may have a cellu- 
lar pseudosarcomatous stroma, which rarely displays suffi- 
cient cellularity, cytologic atypia, and spindle cell prolifer- 
ation, to raise a serious concern for sarcomatoid carcinoma 
(Figs. 12-70 to 12-73).!:!%! The stroma is variable in 
appearance, and may be myxoid or arranged in spindle 
cell fascicles, usually punctuated by stellate or multinucle- 
ated cells.!°° The stromal cells reveal immunohistochemical 
evidence of fibroblastic and myofibroblastic differentiation, 
and invariably are cytokeratin negative. Squamous cell car- 
cinoma of the bladder may also have a pseudosarcomatous 
stroma. !07 

Key differential diagnostic considerations include sarco- 
matoid carcinoma with prominent myxoid and sclerosing 
stroma, inflammatory myofibroblastic tumor, and postoper- 
ative spindle cell nodule (see also Chapters 16, 19, and 
26). A recent history of urologic surgery is important in 
making the diagnosis of postoperative spindle cell nodule. 
The presence of slit-like vessels, the absence of atypical 
mitotic figures, and the absence of tumor necrosis favor a 
benign lesion. 


Urothelial Carcinoma with Osseous and Chondroid 
Metaplasia 


Osseous metaplasia is present in some cases of urothe- 
lial carcinoma and its metastases,!°8! and this should 


Figure 12-70 Urothelial carcinoma with pseudosarcomatous 
stromal reaction. 


Histologic Variants of Urothelial Carcinoma 


Figure 12-72 Urothelial carcinoma with pseudosarcomatous 
stromal reaction. 


stromal reaction (A to C). 
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Figure 12-73 Squamous cell carcinoma associated with 


pseudosarcomatous stroma. 
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be differentiated from osteosarcoma. This finding has also 
been described in metastatic urothelial carcinoma.!° The 
metaplastic bone is histologically benign, with a normal 
lamellar pattern, and is usually adjacent to areas of hemor- 
rhage (Figs. 12-74 and 12-75).!!° The cells in the adjacent 
stroma are cytologically benign.! 


Urothelial Carcinoma with Osteoclast-type Giant Cell 
Reaction 


Zukerberg and colleagues® described the presence of 
osteoclast-like giant cells in two cases of invasive high 
grade urothelial carcinoma, both of which had a sarcoma- 
toid spindle cell component. The giant cells had abundant 
eosinophilic cytoplasm and numerous small, round, regular 
nuclei, and displayed immunoreactivity for vimentin, 
CD68, and tartrate-resistant acid phosphatase, but not for 
epithelial markers—a key feature in differentiating these 
tumors from osteoclast-rich undifferentiated carcinoma. 
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Figure 12-75 Urothelial carcinoma with osseous metaplasia. 


Osteoclast-type giant cell reaction may be seen in low 
grade urothelial carcinoma, suggesting that this might be a 
nonspecific finding (Fig. 12-76). The presence of osteoclast- 
like giant cells is not related to prognosis, and the giant cells 
probably reflect a stromal response to the tumor. 


Urothelial Carcinoma with Prominent Lymphoid 
Reaction 


An inflammatory cell response in the stroma adjacent to the 
invasive tumors is relatively common.®*!!!-!!4 This usually 
takes the form of a lymphocytic infiltrate with a variable 
admixture of plasma cells (Figs. 12-77 and 12-78). Gener- 
ally, this cellular reaction is mild to moderate, but occasion- 
ally may be dense. Sometimes, a neutrophilic response is 
observed, with or without extensive eosinophilic infiltrate, 
suggesting that in the absence of cellular response, the car- 
cinoma was likely to be more aggressive in its behavior. 
The number of eosinophils may be a useful predictive fac- 
tor for cancer-specific survival.!!? The differential diagnosis 
with lymphoepithelioma-like carcinoma of the urinary blad- 
der is mandatory in cases with extensive inflammation in 
the stroma.%” 

Other unusual patterns may also be seen (Figs. 12-79 
to 12-83). It is critical that prostatic adenocarcinoma be 
excluded, especially when a solid (and nested) pattern of 
tumor growth is encountered (Figs. 12-84 to 12-86). 


Figure 12-76 Osteoclast type giant cell reaction in 
association with urothelial carcinoma (A and B). 


Histologic Variants of Urothelial Carcinoma 


ob: >A Se eared E rd ox 
e% fae N e re ~ E 24. p vow 
Sea eiin oct. 
i nn | La te ‘hs AES ot *% Y 
u fe Sry ape th gies am O 
Ren CaP: 3° ef gee on” ”a 
s GA real 
lee 7 ia 
re ie > a 
eres! "À fh ia le] se g ww " 7 nan 
(sakes EYS S “i ae ae wha 
“le AA ek oe ae PETET SPAA 


¢ = 
J 
"re vN, NK. Za"? 
7 E OEBE A, ž ge a 


Figure 12-79 Urothelial carcinoma with prominent 


Figure 12-77 Urothelial carcinoma with prominent eosinophilic cytoplasm. Tumor has a nested growth pattern. 


lymphoid reaction. 
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Figure 12-78 Urothelial carcinoma with prominent spaces (A and B). Note the eosinophilic proteinaceous 
lymphoid reaction (A and B). Scene 
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Figure 12-81 Urothelial carcinoma with prominent luminal 
spaces that are filled with proteinaceous secretions (A and B). 
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Figure 12-82 Urothelial carcinoma with prominent 
superficial umbrella cells. Some umbrella cells are atypical 
and have a bull’s-eye appearance. 


Figure 12-83 Urothelial carcinoma with colloid-like 
secretions. 
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Figure 12-85 High grade urothelial carcinoma with solid 
growth. Prostatic carcinoma should be excluded by 
immunostaining. Prostatic adenocarcinoma is positive for 
prostatic-specific antigen (PSA), prostate-specific acid 
phosphatase (PSAP) and P501s (prostein); negative for 
cytokeratin 20, high molecular weight cytokeratin 348E12, 
p63. Urothelial carcinomas are typically positive for high 
molecular weight cytokeratin 348E12 and always negative for 
prostate makers such as PSA, PSAP, and P501S. Cytokeratin 
20 is often positive in urothelial carcinoma. 
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Figure 12-86 Prostatic adenocarcinoma involving the bladder (A and B). Immunostaining for PSA is strongly positive 
(not shown). 
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Putative Precursor Lesions 


Although some glandular lesions are associated with uri- 
nary bladder adenocarcinoma with relative frequency, a 
definitive pathogenetic mechanism as demonstrated for col- 
orectal adenocarcinoma is difficult to identify in this setting. 
Intuitively, it seems logical that intestinal differentiation 
precedes dysplastic changes, which precede primary blad- 
der adenocarcinoma; however, this link is still missing in 
the bladder.'~+ 


Intestinal Metaplasia 


Emerging molecular data suggest that intestinal metaplasia 
may be implicated in the development of bladder adenocar- 
cinoma (Fig. 13-1; see also Chapter 3).4> Morton and his 
colleagues found that intestinal metaplasia harbors genetic 
alterations typically associated with precursor lesions in 
other organ sites. There was significant telomere shorten- 
ing in intestinal metaplasia compared to adjacent normal 
urothelial cells.4 A subset of cases with telomere shorten- 
ing also demonstrated chromosomal abnormalities common 
to urothelial carcinoma by the UroVysion FISH method.* 
These findings suggest that intestinal metaplasia may indeed 
be a precursor in the development of adenocarcinoma.*® 


Villous Adenoma and Tubulovillous Adenoma 


Villous adenoma and tubulovillous adenoma are uncom- 
mon benign glandular epithelial neoplasms with exophytic 
growth that are often associated with coexisting adenocarci- 
noma (Fig. 13-2; see also Chapter 5).° Histologically, these 
lesions are identical to their colonic counterparts, showing 
columnar mucinous cells and goblet cells lining delicate 
fibrovascular stalks with nuclear stratification, crowding, 
and hyperchromasia. The precursor nature of these lesions 
has been debated.’ 


Adenocarcinoma in Situ (Carcinoma in Situ with 
Glandular Differentiation) 


This is a controversial entity. Histologically, this lesion 
overlaps with noninvasive papillary urothelial carcinoma 
with glandular differentiation (Fig. 13-3), villous adenoma, 
and urothelial carcinoma in situ with glandular differen- 
tiation. In practice, it may be impossible to distinguish 
adenocarcinoma in situ from urothelial carcinoma in situ 
with glandular differentiation or noninvasive urothelial car- 
cinoma with glandular differentiation.°*” 

Chan and Epstein described the papillary, cribriform, 
and flat architectural patterns of adenocarcinoma in situ, 
which demonstrate glandular differentiation with atypical 
columnar epithelium and apical cytoplasm.!? In contrast 


Figure 13-1 Intestinal metaplasia. 


Figure 13-2 Tubullovillous adenoma. 


to villous adenoma,® adenocarcinoma in situ typically 


demonstrates a small, focal lesion rather than a significant 
mass. Similarly, the villous, finger-like projections should 
be absent, although the papillary form of adenocarcinoma 
in situ does demonstrate architecture similar to papillary 
urothelial carcinoma. The flat pattern of adenocarcinoma 
in situ also resembles typical urothelial carcinoma in 
situ, although noteworthy glandular differentiation may 
be appreciated, in contrast to the small, mucin-containing 
spaces without columnar epithelium, so-called “gland-like 
lumina,” which are present in some cases of urothelial 
carcinoma in situ. 

Adenocarcinoma in situ should also be distinguished 
from involvement of a von Brunn nest by urothelial 
carcinoma in situ. The absence of true columnar glandular 
differentiation may be helpful in resolving this challenge. 
Due to significant morphologic overlaps, lack of reliable 
diagnostic criteria, and lack of convincing data linking 
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Figure 13-3 Adenocarcinoma in situ. 


adenocarcinoma in situ with adenocarcinoma, we recom- 
mend replacing “adenocarcinoma in situ” with “carcinoma 
in situ with glandular differentiation” until additional 
evidence could link this lesion with adenocarcinoma of the 
bladder. 


Adenocarcinoma 


Primary adenocarcinoma of the bladder accounts for 0.5% 
to 2% of bladder cancers and should be distinguished from 
adenocarcinoma arising in the urachus (see Chapter 27 
for further discussion).'!!~'3 It occurs at any age, but is 
most common after the fifth decade of life, with a male 
predominance. The male-to-female ratio is 2.5: 1. Patients 
typically present with hematuria, irritative voiding symp- 
toms, and, rarely, mucinuria. The cancer is often advanced, 
with metastases in up to 40% of patients at the time of 
diagnosis.!? Intestinal metaplasia coexists in up to 67% 
of patients, and most cancers arising in association with 
exstrophy are adenocarcinoma.'* Occasional cases of ade- 
nocarcinoma arise within a diverticulum.!> Other associa- 
tions with adenocarcinoma include pelvic lipomatosis and 
Schistosomiasis haematobium infection. 

Adenocarcinoma may appear as an exophytic, papillary, 
solid, sessile, ulcerating, or infiltrative mass. The signet 
ring cell variant frequently shows diffuse thickening of the 
bladder wall, producing a linitis plastica-like appearance.!® 
Cold-cup biopsies of the urothelial mucosa may be unre- 
vealing. 

Strict definition includes those tumors derived from 
urothelium with histopathologic demonstration of only a 
pure glandular component. In this discussion we exclude 
any case containing any urothelial carcinoma component, 
preferring to classify such cases as urothelial carcinoma 


Table 13-1 Histologic Patterns of Adenocarcinoma of the 
Urinary Bladder 


Adenocarcinoma, not otherwise specified (NOS) 

Adenocarcinoma with colonic (enteric or intestinal type) 
pattern 

Mucinous (colloid) adenocarcinoma 

Signet ring cell adenocarcinoma 

Adenocarcinoma with hepatoid pattern (hepatoid 
adenocarcinoma) 

Clear cell adenocarcinoma 

Adenocarcinoma with mixed patterns 


with glandular differentiation (see also Chapter 12); this 
distinction is probably semantic and academic. 

There are six main histologic patterns of adenocarci- 
noma of the bladder (Table 13-1). The enteric type closely 
resembles adenocarcinoma of the colon,!? while adenocar- 
cinoma without a specific glandular growth pattern may be 
termed “adenocarcinoma, not otherwise specified (NOS).” 
Lesions with abundant extracellular mucin containing float- 
ing tumor cell clusters are designated mucinous (colloid) 
type, similar to the counterpart phenomenon in breast and 
other organs. Tumors are categorized based on the degree of 
glandular differentiation and nuclear pleomorphism, similar 
to adenocarcinoma seen elsewhere. 

Nonurachal adenocarcinoma is staged using the standard 
American Joint Committee on Cancer tumor, lymph node, 
and metastasis (AJCC TNM) staging system.!8 As with 
other urinary bladder neoplasms, stage is considered the 
most significant prognostic factor. 


Adenocarcinoma, Not Otherwise Specified (NOS) 


Adenocarcinoma, NOS, refers to a cancer that does not 
fit into one of the other categories (Figs. 13-4 and 13-5). 
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Figure 13-4 Adenocarcinoma, NOS. 
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Figure 13-5 Adenocarcinoma, NOS. 


Remarkably, this and the colonic pattern are the most com- 
mon forms of adenocarcinoma. 

The differential diagnosis of bladder adenocarcinoma is 
extensive (Tables 13-2 to 13-4). Benign mimics need to 
be excluded, including florid cystitis cystica and cystitis 
glandularis with mucin extravasation.'? These lesions may 
produce pseudopapillary or polypoid lesions, but the benign 
cytology of the lining cells and lack of invasion are impor- 
tant distinguishing features. In unusual cases, extracellular 
mucin is present, and careful evaluation for malignant cells 
is necessary. Also, it is important to know the location in 
the bladder of the worrisome tissue, recognizing that cystitis 
glandularis of intestinal type usually arises in the bladder 
neck or trigone. Rare cases of florid cystitis glandularis 
with extensive intestinal metaplasia and mucin extravasa- 
tion have been reported, and such cases may be difficult to 
distinguish from adenocarcinoma. !™?0 However, the degree 
of cytologic and architectural atypicality of adenocarcinoma 
far exceeds that seen in florid cystitis glandularis. Ade- 
nocarcinoma usually exhibits obvious destruction of the 
lamina propria and, in the colloid variant, clusters of malig- 
nant cells are seen floating in pools of mucin, a feature that 
excludes a diagnosis of extensive intestinal metaplasia with 
mucin extravasation. 

Villous adenoma rarely occurs in the urinary bladder, 
and shows cytologic and architectural abnormalities 
of adenomatous epithelium without stromal invasion. 
Nephrogenic metaplasia must be distinguished from 
adenocarcinoma, particularly the clear cell pattern (see the 
discussion below), and this may be difficult in small or 
distorted superficial biopsies. Endocervicosis is a difficult 
problem in small biopsy samples, but lacks cytologic 
atypia of adenocarcinoma. 

Differential diagnosis with colonic adenocarcinoma is 
particularly challenging, as bladder adenocarcinoma may 
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Table 13-2 Glandular or Gland-like Lesions Involving the 
Urinary Bladder 


Benign lesions and mimickers with glandular or gland-like 

differentiation 

Cystitis cystica 

Cystitis glandularis (of the usual/typical type) 

Nephrogenic metaplasia 

Urachal remnant 

Endometriosis 

Endocervicosis 

Endosalpingiosis 


Putative precursor lesions 
Intestinal metaplasia (cystitis glandularis of the intestinal 
type) 
Villous adenoma 
Urothelial carcinoma in situ with glandular 
differentiation (adenocarcinoma in situ) 


Nonurachal bladder adenocarcinoma 
Urachal adenocarcinoma 


Variants of urothelial carcinoma with glandular or 
gland-like differentiation 

Urothelial carcinoma with glandular differentiation 
Urothelial carcinoma with villoglandular differentiation 
Micropapillary variant urothelial carcinoma 
Microcystic variant urothelial carcinoma 
Urothelial carcinoma with small tubules 
Nested variant urothelial carcinoma 
Lipid (lipoid) cell variant urothelial carcinoma 
Urothelial carcinoma with chordoid features 


have a similar immunoprofile.?!?? Positivity for cytoker- 
atin (CK) 7 is variable, while CK20 is positive in most 
cases of bladder adenocarcinoma.!” Nuclear transcription 
factor CDX2 is sometimes used as a marker of intesti- 
nal differentiation; however, it has not shown tremendous 
utility in differentiating primary and secondary adenocar- 
cinoma, as both bladder and colonic primary tumors may 
be CDX2 positive,” as well as intestinal metaplasia of the 
bladder.>*! In fact, tissue microarray studies have demon- 
strated CDX2 positivity in 2% of urothelial carcinoma.”* 
Villin, an actin-binding protein related to the brush border 
of epithelial cells, has exhibited positivity in both colonic 
adenocarcinoma and enteric-type bladder adenocarcinoma, 
while urothelial carcinoma with glandular differentiation is 
negative.” Nuclear staining for B-catenin may have some 
utility, as staining is seen in 81% of colorectal carcinoma 
involving the bladder, with only membranous or cytoplas- 
mic staining demonstrable in primary bladder adenocarci- 
noma (Table 13-4). 

Direct extension or metastasis from prostatic adeno- 
carcinoma should also be considered in the differential 
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Table 13-3 Differentiating Histopathologic Characteristics of Cytologically Bland-appearing Glandular 
and Gland-like Lesions of the Urinary Bladder? 


von Brunn nests 


Solid nests of urothelial cells; extension to a uniform depth in the lamina 


Cystitis cystica 


Cystitis glandularis 


Intestinal metaplasia 


Microcystic variant UC 


UC with small tubules 


Nested variant UC 


propria; lobular architecture (especially in the upper urinary tract); lack of 
muscularis propria involvement 

Central cystic degeneration of von Brunn nests without apical glandular 
differentiation; extension to a uniform depth in the lamina propria; lobular 
architecture (especially in the upper urinary tract); lack of muscularis 
propria involvement 

Apical glandular differentiation in von Brunn nests; cuboidal or columnar 
central lining surrounded by urothelial cells; extension to a uniform depth 
in the lamina propria; lobular architecture; lack of muscularis propria 
involvement 

Glandular proliferation within lamina propria; abundant mucin-producing 
goblet cells, sometimes Paneth cells; extension to a uniform depth in the 
lamina propria; lobular architecture; lack of muscularis propria 
involvement 

Characteristic variation in cyst size, up to 2 cm; infiltrative growth pattern 
throughout the bladder wall; lumen containing necrotic debris, 
PAS-diastase positive mucin 

Predominance of small tubules; extensive invasion of bladder wall; lack of 
nephrogenic metaplasia features (tubular—papillary architecture, cuboidal 
epithelium, hobnail cells); negative for PSA, PSAP, and AMACR 

Infiltrating nests of urothelial cells with a variable proportion of small tubular 
lumens, resembling von Brunn nests; focal significant atypia present in 
deeper aspects of infiltrative tumor (enlarged nucleoli and coarse nuclear 
chromatin); disorderly proliferation; jagged tumor—stroma interface; focal 
myxoid or desmoplastic stroma; extensive infiltration of bladder wall out of 
proportion to histologic grade 


UC, urothelial carcinoma; AMACR, a-methylacyl-CoA racemase; PSA, prostate-specific antigen; PSAP, prostate-specific 
acid phosphatase; PAS, periodic acid—Schiff. 


Table 13-4 Selected Immunohistochemical Markers in Glandular Lesions of the Urinary Bladder? 


Positive Negative 
Cystitis glandularis, usual type CK7 CDX2, CK20 
Intestinal metaplasia (cystitis glandularis, CDX2, CK20 CK7 
intestinal type) 
Nephrogenic metaplasia AMACR, PAX2 p63, 34BE12 


Endometriosis 


Endocervicosis 


CD10 (stromal) 
CK7, CA-125, ER, PR (epithelial) 
HBME-1, ER, PR 


Primary bladder adenocarcinoma CDX2, CK20, villin PSA, PSAP 


differentiation 


Prostatic adenocarcinoma 


CK7 (variable) 
B-Catenin (cytoplasmic) 


Urothelial carcinoma with glandular CK7, CK20 Villin 
34BE12, UP, TM 

Colorectal adenocarcinoma (variable) CK20, villin TM, CK7 
b-Catenin (nuclear) 
PSAy, [PSN RAEVU UP, TM 
AMACR 34BE12, PAX2 


°CK, cytokeratin; AMACR, a-methylacyl-CoA racemase (P5045); ER, estrogen receptor; PR, progesterone receptor; PSA, 
prostate-specific antigen; PSAP, prostatic-specific acid phosphatase; UP, uroplakin Ill; TM, thrombomodulin; 348E12, high 
molecular weight cytokeratin 34BE12. 
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Figure 13-6 Adenocarcinoma, enteric type. Note the central 
comedonecrosis. 


diagnosis. In such cases, basal cell markers such as 
346E12 cytokeratin and p63 (which are negative in 
prostate cancer), and prostate-specific antigen (PSA) and 
prostate-specific acid phosphatase (PSAP) immunostaining 
would help confirm prostatic origin of the tumor (see also 
Chapter 23). 


Adenocarcinoma with Colonic (Enteric or Intestinal 
Type) Pattern 


The colonic pattern is composed of pseudostratified colum- 
nar cells forming glands, often with central necrosis, typical 
of colonic adenocarcinoma (Figs. 13-6 to 13-8). Paneth 
cells and argentaffin cells may be present.2” The distinc- 
tion from florid cystitis glandularis depends on architectural 
and cytologic differences between them, but these may be 
subtle. 


Mucinous (Colloid) Adenocarcinoma 


The mucinous (colloid) pattern consists of single tumor 
cells or nests floating in extracellular mucin (Figs. 13-9 
and 13-10). This pattern is unusual in isolation, and usu- 
ally coexists with the colonic pattern of adenocarcinoma. 
Florid cystitis glandularis with mucin extravasation has pre- 
viously been mistaken for mucinous carcinoma.!? Com- 
plete absence of atypical cells within or at the periphery 
of the extravasated mucin strongly favors a benign diagno- 
sis, although caution is urged in small or limited samples.7° 
Endocervicosis is another benign mimic that rarely has 
mucin pools, sometimes eliciting an inflammatory response 
that is very uncommon in adenocarcinoma. 


Figure 13-7 Adenocarcinoma, enteric type (A and B). 


Signet Ring Cell Carcinoma 


The signet ring cell pattern of bladder adenocarcinoma con- 
sists of a diffuse infiltrate of distinctive cells involving the 
bladder wall.!!628-33 The diagnosis requires the presence 
of at least a focal component of diffuse linitis plastica-like 
growth and no element of urothelial carcinoma.!® Micro- 
scopic examination reveals diffuse permeation by solitary 
signet ring cells or nests with single cytoplasmic vacuoles 
or foamy multivacuolated cytoplasm (Figs. 13-11 to 13-14). 
In some cases, the cytoplasm is pale and eosinophilic, with 
the nucleus compressed at one end, a pattern referred to 
as monocytoid. Rare cases are associated with neurogenic 
bladder.*! 

Signet ring cell carcinoma has an extremely poor prog- 
nosis, with less than 13% five-year survival, compared with 
33% in cancer with a mixed pattern (urothelial and signet 
ring cells).!© Torenbeek and colleagues found that 77% of 
patients with signet ring cell carcinoma of the bladder died 
of disease over a mean survival period of 20 months.?? 
Radiation therapy and systemic chemotherapy are ineffec- 
tive in most cases.*” 
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Bar “4 
Figure 13-8 Adenocarcinoma, enteric type (A and B). Figure 13-10 Colloid adenocarcinoma (A and B). 


Figure 13-9 Colloid adenocarcinoma. Mucin pool with 
malignant cells in colloid (mucinous) pattern of 
adenocarcinoma of the bladder. Figure 13-11 Signet ring cell carcinoma. 
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Figure 13-12 Signet ring cell carcinoma with mucin pools. 


The signet ring cell variant is exceedingly rare, account- 
ing for an estimated 0.24% of bladder malignancies.** How- 
ever, secondary involvement of the bladder by signet ring 
cell-type adenocarcinoma, is more common and may be 
challenging to exclude from the differential diagnosis with- 
out thorough clinical information and a adequate tissue 
specimen. Malignancy of the stomach, colon, breast, pan- 
creas, lung, and prostate demonstrate signet ring cell mor- 
phology more commonly than the urinary bladder.** Pri- 
mary bladder signet ring cell-type carcinoma may be com- 
posed of diffusely infiltrating single cells or mixed glandu- 
lar and signet ring components; however, tumors with pure 
signet ring cell morphology exhibit the worst prognosis. 
Similar to villous adenoma, cells may have demonstrable 
acid mucin by mucicarmine, periodic acid—Schiff (PAS), 
and Alcian blue stains.!©34 Notably, the lipid cell variant 
of urothelial carcinoma may exhibit a similar signet ring 
cell appearance, although true mucin within the vacuole is 
not readily identifiable by special studies. 

Immunohistochemically, Thomas et al. found markers 
such as CK20, CDX-2, E-cadherin, and 6-catenin to have 
decreased expression in the signet ring cell component com- 
pared to areas of colonic-type bladder adenocarcinoma.** 
E-cadherin, in particular, is involved in cell cohesion, and 
thus, these findings intuitively correspond with the poorly 
cohesive nature of signet ring cells. In contrast, the study 
found expression of villin-1 to be preserved in the signet 
ring cell areas.’ 


Adenocarcinoma with Hepatoid Pattern (Hepatoid 
Adenocarcinoma) 


Adenocarcinoma with hepatoid pattern has been described 
in the stomach, ovary, pancreas, papilla of Vater, renal 
pelvis, and, recently, in the bladder (Figs. 13-15 and 
13-16).! 36-38 Strict morphologic criteria include formation 


Figure 13-13 Signet ring cell carcinoma (A to C). Tumor has 
discohesive growth pattern and may have plasmacytoid 
appearance. 


of cords of polygonal cells separated by sinusoids or 
evidence of bile production and bile canaliculi formation. 
All reported cases are at least focally positive for a- 
fetoprotein (AFP) and diffusely positive for a,-antitrypsin 
and albumin; carcinoembryonic antigen (CEA) is positive 
in about one-half of cases, sometimes in a canalicular 
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Figure 13-15 Hepatoid adenocarcinoma (A and B). Immunostaining for a-fetoprotein is positive (B). 


pattern. Clinically, patients are most often elderly men, 
with aggressive tumor behavior, including frequent lymph 
node metastases.*° 

Microscopically, tumor cells are large, polygonal, and 
poorly differentiated, arranged in solid sheets, nests, and 
trabeculae, and focally formed glands. The cells may show 
prominent cytoplasmic clearing, although some have gran- 
ular eosinophilic cytoplasm. Most tumor cells contain a 
single large eosinophilic nucleolus. Cancer cells focally dis- 
play intracytoplasmic PAS-positive, diastase-resistant hya- 
line globules and bile production. 

The immunoprofile of positivity for AFP, low- 
molecular-weight cytokeratin (CAMS.2), a,-antitrypsin, 
albumin, hepatocyte paraffin-1 (HepPar-1), and epithelial 
membrane antigen (EMA) seem to confirm the apparent 
hepatic phenotype. A canalicular staining pattern with CEA 


and demonstration of the albumin gene mRNA by non- 
isotopic in situ hybridization affirm genuine hepatocellular 
differentiation.’ 

The main differential diagnostic considerations include 
adenocarcinoma with AFP production, germ cell tumor 
with hepatoid foci, and metastatic hepatocellular carci- 
noma. Adenocarcinoma with AFP production does not 
qualify as a hepatoid pattern if it fails to fulfill the strict 
criteria noted above. Such cases, including an AFP- 
producing nonhepatoid urachal adenocarcinoma usually 
stain weakly for AFP, and CEA immunoreactivity is not 
canalicular but membranous.*? Hepatoid foci can be seen 
in yolk sac tumor; however, this has not been described in 
a bladder tumor. Metastases of hepatocellular carcinoma to 
the bladder are almost always associated with widespread 
disseminated cancer, and can usually be excluded by 
clinical investigation. 
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positive w-fetoprotein staining (C). 


Figure 13-17 Clear cell adenocarcinoma of the bladder. 
Gross (A) and microscopic appearance (B). 


Clear Cell Adenocarcinoma 


Clear cell adenocarcinoma is composed of papillary and 
tubular structures with cytologic features identical to its 
counterpart in female genital tract.4°-*? It is very rare in 
the bladder, and only slightly more common in the urethra. 
Patients are typically females who present with hematuria or 
dysuria. Occasionally, clear cell adenocarcinoma has been 
associated with endometriosis or miillerianosis; occurrence 
in a bladder diverticulum has been reported. Recent molec- 
ular genetic data suggest that clear cell adenocarcinoma is 
probably urothelial in origin.*° 

Macroscopically, clear cell adenocarcinoma is often 
solid, nodular, or papillary, located in the trigone or 
posterior wall (Fig. 13-17). Microscopically, it invariably 
has a tubular component, often with cystic dilatation 
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Figure 13-18 Clear cell adenocarcinoma. Various patterns can be seen, including cystic (A), tubular (B), microcystic (C), 


tubulocystic (D), papillary (E), and solid (F) patterns. 


(Figs. 13-17 to 13-22). The lining cells are flat, cuboidal, or 
columnar; characteristic “hobnail” cells are at least focally 
present. There is typically significant nuclear pleomorphism 
with frequent mitotic figures. The cytoplasm is clear due 
to abundant glycogen and focal cytoplasmic and luminal 
mucin. 


Clear cell adenocarcinoma exhibits a distinctive histo- 
logic appearance, with a variety of architectural patterns, 
forming tubulocystic or papillary structures or growing in 
diffuse solid sheets. The tubules vary in size and may 
contain either basophilic or eosinophilic secretions. The 
papillae are generally small and their fibrovascular cores 
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hobnail cells (B). 


Figure 13-20 Clear cell adenocarcinoma (A to D). 
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Figure 13-21 Clear cell adenocarcinoma (A to D). 


may be extensively hyalinized. The tumor cells range from 
flat to cuboidal to columnar and they may have either 
clear or eosinophilic cytoplasm. The cytoplasm often con- 
tains glycogen. Hobnail cells are frequently seen. Cytologic 
atypia is usually moderate to severe, and high mitotic counts 
are frequently observed. In some cases, clear cell adenocar- 
cinoma is associated with urothelial carcinoma, and rarely 
with adenocarcinoma, NOS. 

The main differential diagnostic consideration for clear 
cell adenocarcinoma is nephrogenic metaplasia (nephro- 
genic adenoma) (Fig. 13-23; Table 13-5). Nephrogenic 
metaplasia is typically small, consisting of a papillary 
and tubular proliferation with minimal cytologic atypia, 
although a variant of nephrogenic metaplasia with cytologic 
atypia has been reported.** A clinical history of trauma 
or instrumentation may also be helpful in identifying 
nephrogenic metaplasia. Several immunohistochemical 
stains have been evaluated for utility in making the 
distinction between clear cell adenocarcinoma and nephro- 
genic metaplasia, but only p53 and MIB1 appear useful, 
with at most focal p53 staining and MIB1 counts of 
less than 14 per 200 cells in nephrogenic metaplasia and 


strong p53 staining and MIB1 counts of greater than 32 
per 200 cells in clear cell adenocarcinoma.*? However, 
p53 nuclear accumulation (up to 20%), increased MIB1 
labeling index (up to 5%), and aneuploid DNA patterns 
have been observed in atypical nephrogenic metaplasia.“ 
All cases of atypical nephrogenic metaplasia display 
positive immunoreactivity for high molecular weight 
cytokeratin (346E12), CK7, and EMA.** In contrast to 
atypical nephrogenic metaplasia, clear cell carcinomas will 
typically display greater cytologic atypia, a significant 
mitotic rate, and necrosis. Clear cell adenocarcinoma 
of the urinary is positive for both CK7 and CK20.*° 
Positive a-methylacyl-CoA racemase (AMACR/P504S) 
immunoreactivity for both clear cell adenocarcinoma and 
nephrogenic metaplasia has been noted.*°*¢ CD10 is 
focally positive in clear cell adenocarcinoma.*? 

The other differential diagnostic considerations include 
clear cell variant of urothelial carcinoma, metastatic clear 
cell renal carcinoma, metastatic clear cell adenocarcinoma 
of female genital tract, and in males, prostatic adenocar- 
cinoma secondarily involving the bladder (Fig. 13-24, 
Table 13-6). Renal cell carcinoma rarely metastasizes to 
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Figure 13-22 Clear cell adenocarcinoma (A to C). 


Figure 13-23 Clear cell adenocarcinoma. Tubular pattern of clear cell adenocarcinoma may mimic nephrogenic metaplasia (A). 
Deeper portion of the same tumor shows typical morphology of clear cell adenocarcinoma (B). 


Adenocarcinoma and Its Putative Precursors and Variants 


Table 13-5 Differential Diagnosis of Atypical Nephrogenic Metaplasia and Clear Cell Adenocarcinoma? 


Characteristics 


Gender 


Mean age (years) 
Clinical presentation 
Biological behavior 
Location 
Size 
Microscopic findings 
Necrosis 
Mitotic figures 
Stromal edema 
Luminal mucin 
Clear cell change 
Hobnail cells 
Infiltrative growth 
Psammoma bodies 
Inflammation 
Cytologic atypia 
Nuclear enlargement 
Nuclear hyperchromasia 
Prominent nucleoli 
Nuclear pleomorphism 
Immunostaining? 
PSA 
34BE12 
Cytokeratin 7 
Cytokeratin 20 
EMA 
AMACR (P504S) 
MIB labeling index 
p53 
DNA ploidy 


Atypical Nephrogenic Metaplasia 


Male predominance (male-to-female 
ratio, 3:1) 

62 

Hematuria and voiding symptoms 

Benign 

No apparent predilection 

Small 


Absent 

Absent or inconspicuous 
Common 

Common 

May be seen 

Common 

Usually absent 

Absent 

Invariably present 


Present 
Present 
Present 
Minimal 


Negative 

Positive 

Positive 

Negative 

Positive 

Often positive 

<5% 

Occasional positive 
Aneuploid pattern may be seen 


Source: Modified from Ref. 44, with permission. 
*Nuclear pleomorphism is more pronounced in clear cell adenocarcinoma. 
PSA, prostate-specific antigen; 346E12, high molecular weight cytokeratin; EMA, epithelial membrane antigen; AMACR, a-methylacyl-CoA 


racemase. 


Clear Cell Adenocarcinoma 


Female predominance (male-to-female 
ratio, 1:2) 

58 

Hematuria and voiding symptoms 

Aggressive 

Predilection for urethra 

Large 


Often present (53%) 
Easily identifiable 
Uncommon 
Common 

Common 

Common 

Present 

May be seen 

May be present 


Present 
Present 
Present 
Present 


Negative 

Positive (occasionally negative) 
Positive 

Positive 

Positive 

Often positive 

Often >15% 

Positive 

Unknown 


Figure 13-24 Prostatic adenocarcinoma involving the bladder may mimic clear cell adenocarcinoma (A). Immunostaining for 


PSA is strongly positive (B). 
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Table 13-6 Differentiating Clinicopathologic Characteristics of Nephrogenic Adenoma (Nephrogenic Metaplasia), Clear Cell 


Adenocarcinoma, and Prostatic Adenocarcinoma? 


Nephrogenic adenoma (NA) 


Male predilection; minimal cytologic atypia (limited to nuclear enlargement/hyperchromasia 


and prominent nucleoli in atypical NA); absence of pleomorphism; edematous, 
inflammatory stroma; infrequent mitotic figures; small to microscopic size; circumscribed 
growth (may be intermixed with superficial muscle fibers); confinement to lamina propria; 
absence of necrosis; less frequent abundant clear cytoplasm; minimal, focal p53 staining 
(up to 20% in atypical NA); Ki67 index <5%; PAX2 positive; negative for PSA 


Clear cell adenocarcinoma 


Female predilection; significant tumor size; greater cytologic atypia; necrosis; significant 


mitotic rate; strong p53 staining; Ki67 index >15%; lack of PSA or PSAP staining 


Prostatic adenocarcinoma 


Male; positivity for PSA and/or PSAP; lacking mixed tubular—papillary components of NA 


(except in ductal-type prostatic adenocarcinoma); negative for PAX2 


Notably, expression of racemase (AMACR/P504S) may be present in all three of these entities. 


the bladder and should be excluded; recognition of the typ- 
ical sinusoidal vascular pattern, lack of tubular differentia- 
tion, absence of mucin, and clinical features should resolve 
this problem. In addition to the immunostaining characteris- 
tics noted previously, clear cell adenocarcinoma may show 
positive staining for CEA and CD15 (LeuM1), but is neg- 
ative for estrogen and progesterone receptors; these stains 
may be helpful in the differential. Of note, positivity for 
AMACR (P504S), a marker commonly used in diagnosis 
of prostate cancer, may be seen in clear cell adenocarci- 
noma, representing a potential pitfall. Similarly, nephro- 
genic metaplasia may also show positivity (Tables 13-5 and 
13-6).4046 Therefore, awareness of these findings is crucial 
to avoid misinterpretation. 

The histogenesis of clear cell adenocarcinoma of the 
bladder is uncertain. Sung and his colleagues integrated 
molecular genetic evaluation by fluorescence in situ 
hybridization (FISH) and X chromosome inactivation with 
conventional morphological and immunohistochemical 
analyses in 12 patients with clear cell adenocarcinomas 
in the urinary tract.4’ Concurrent urothelial carcinoma or 
urothelial carcinoma in situ were present in six cases (50%) 
and foci of cystitis glandularis were observed in four cases 
(33%) (Fig. 13-25). Neither intestinal metaplasia nor a 
miillerian component was identified in any case. Cytoplas- 
mic expression of AMACR was demonstrable in 10 of 12 
tumors (83%) (Fig. 13-26). Moderate to diffuse immunos- 
taining for CK7 was identified in all 12 tumors (100%), 
whereas only three of 12 (25%) tumors showed positive 
immunostaining for CK20. Focal uroplakin II staining 
was seen in six of 12 tumors (50%). In five cases (42%), 
focal to moderate CD10 immunoreactivity was observed. 
Immunostains for OCT4 and CDX-2 were completely 
negative in all tumors. In UroVysion FISH assays, all 
tumors displayed chromosomal alterations similar to those 
commonly found in urothelial carcinoma (Fig. 13-26). 
Identical patterns of nonrandom X chromosome inactiva- 
tion in concurrent clear cell adenocarcinoma and urothelial 
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neoplasia were identified in two informative female 
cases (Fig. 13-27). These findings support a urothelial 
origin for most clear cell adenocarcinomas of the urinary 
tract, despite their morphologic resemblance to certain 
miillerian-derived tumors of the female genital tract.“ 


Adenocarcinoma with Mixed Patterns 


The mixed pattern refers to adenocarcinoma composed of 
two or more patterns. The specific patterns should be men- 
tioned in the pathology report. 


Urachal Adenocarcinoma 


Adenocarcinoma sometimes develops in the setting of 
urachal remnants, the residual tissue from the embryonic 
allantoic stalk connecting the umbilicus and bladder 
(Fig. 13-28). Although adenocarcinoma is the charac- 
teristic malignancy associated with an urachal remnant, 
this situation represents only a subset of primary blad- 
der adenocarcinoma, which is already a rare tumor in 
comparison to urothelial carcinoma.**-°? Such urachal 
remnants are reported to occur most frequently in the 
bladder dome or posterior wall, with adenocarcinoma most 
frequently developing in the fifth and sixth decades of life, 
approximately 10 years younger than patients with other 
primary adenocarcinoma of the bladder. 

Urachal adenocarcinoma occurs slightly more often in 
men, with a ratio of 2:1. Presenting symptoms include 
hematuria, irritative voiding symptoms, abdominal pain, 
suprapubic mass, and occasional mucinuria. 

Macroscopically, urachal adenocarcinoma is often exten- 
sive, infiltrating the bladder wall musculature and extend- 
ing superiorly toward the abdominal wall in the space of 
Retzius. The cancer may be gelatinous, depending on the 
amount of mucin production, and the mucosal surface is 
often ulcerated. The cancer may be partially or extensively 
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Figure 13-25 Clear cell adenocarcinoma. (A) The tumor demonstrates tubulocystic structure with characteristic lining hobnail 
cells. (B) Polygonal tumor cells reveals ace clear cytoplasm. (C) Solid diffuse growth of clear cell adenocarcinoma, exhibiting 
marked cellular pleomorphism, nucleolar prominence, and mitotical activity. (D) Tumor necrosis is observed within the cystic 
space. The solid and tubular tumor components shows clear or eosinophilic cytoplasm. (E) Typical tubular formation with inner 
lining pleomorphic neoplastic cells. (F) A typical tumor cell from clear cell adenocarcinoma of bladder demonstrates 
chromosomal abnormalities detected by fluorescence in situ hybridization. The cell shows gaining of chromosomes 7 (green) and 
17 (aqua), but with normal copy numbers of chromosomes 3 (red) and 9p21 (gold). 
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Figure 13-26 Clear cell adenocarcinoma. (A) Tumor cells are positively stained by a-methylacyl-CoA racemase, representing 
cytoplasmic staining in the tubular components. (B) Diffuse membranous and cytoplasmic expression of CD10. (C) Positive 
uroplakin Ill expression in clear cell adenocarcinoma. (D) Cytokeratin 7 is strongly positive. (E and F) A female patient presented 
with concurrent urothelial carcinoma in situ (E) and clear cell adenocarcinoma (F). 
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Figure 13-27 Results of X chromosome inactivation analy- 
sis in two female patients in whom clear cell adenocarcinoma 
coexisted with urothelial carcinoma (A) or urothelial carcinoma 
in situ (B). Concordant patterns of nonrandom inactivation of 
X chromosome are identified in both components (clear cell 
adenocarcinoma and urothelial neoplasia) in both patients. 
Arrows, allelic bands; N, normal control tissue; TCC, urothe- 
lial (transitional cell) carcinoma component; CIS, urothelial 
carcinoma in situ component; CCA, clear cell adenocarci- 
noma component; —, without Hha1 endonuclease digestion, 
+, after Hha1 endonuclease digestion. (From Ref. 40; with 
permission.) 
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Squamous Cell Carcinoma and Other Squamous Lesions 


Squamous Cell Carcinoma 


Epidemiology, Clinical Features, and Risk Factors 


Squamous cell carcinoma of the bladder is uncommon.!~!* 


The prevalence of squamous cell carcinoma of the bladder 
is widely variable around the world, and is highest in areas 
that are endemic for schistosomiasis, accounting for up to 
73% of bladder cancers in those countries. In nonendemic 
areas such as the United States and Europe, squamous cell 
carcinoma comprises 1% to 7% of bladder cancers. Patients 
range in age from 30 years to 90 years (mean, 66 years); it 
occurs at a younger age when associated with schistosomia- 
sis. Squamous cell carcinoma is more common in men than 
in women. The male-to-female ratio is approximately 2: 1. 
Risk factors associated with the development of squamous 
cell carcinoma include tobacco smoking, chronic nonspe- 
cific urinary tract infections, and schistosomiasis. !3~!8 

Patients typically present with hematuria and lower 
urinary tract irritative symptoms, and the majority has 
advanced cancer at the time of diagnosis. Often, there is a 
long history of bladder irritation caused by infections, cal- 
culi, indwelling catheters, intermittent self-catheterization, 
or urinary retention. Some patients have underlying neuro- 
genic bladder or bladder diverticulum.!?~?? Keratinizing 
squamous metaplasia may be an important risk factor for 
the development of squamous cell carcinoma, with cancer 
occurring from 3 months to 30 years after the diagnosis 
of metaplasia (mean, 12 years).?* Squamous metaplasia is 
present in the adjacent epithelium in 17% to 60% of cases 
not associated with schistosomiasis.” Rarely, squamous 
cell carcinoma induces hypercalcemia.”* 

Morphologic changes that appear to increase the 
risk of developing squamous cell carcinoma have been 
documented. Some of the best characterized changes 
include the presence of keratinizing squamous metaplasia, 
squamous dysplasia, and squamous carcinoma in situ 
of the bladder mucosa,” as well as the presence of 
Schistosoma eggs within the bladder wall. Recently, 
additional mucosal changes that occur either concurrently 
or preceding the development of invasive squamous cell 
carcinoma have been reported.’7° Verrucous squamous 
hyperplasia has been documented in several series as a 
potential precursor lesion in the development of this cancer 
type. Morphologically, this lesion resembles its counterpart 
in the oral cavity, including the presence of repetitive 
upward spiking of the mucosa that resembles “church 
spires,” hyperkeratosis, parakeratosis, and elongation of 
the rete pegs.’ 


Prognostic Features 


The most important prognostic indicator for squamous cell 
carcinoma is pathologic stage. Squamous cell carcinoma of 
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Figure 14-1 Squamous cell carcinoma of the bladder, like 
urothelial carcinoma, is staged using the American Joint 
Committee on Cancer tumor, node, metastasis (AJCC TNM) 
system. 


the bladder, like urothelial carcinoma, is staged using the 
American Joint Committee on Cancer tumor, lymph node, 
metastasis (AJCC TNM) system.’ In Eldobky et al.’s study 
of 154 patients, overall five-year survival was 56%; it was 
67% for those patients with organ confined tumor (pT1, 
pT2) and 19% for nonorgan confined (pT3, pT4) cancers.”® 

The biological behavior of squamous cell carcinoma 
is somewhat different from that of urothelial carcinoma. 
In most patients, death results from local recurrence 
rather than metastatic cancer, and metastases show a 
striking predilection for bone.*??-3! Five-year survival 
after surgery varies from 35% to 48%. Patients undergoing 
radical surgery appear to have an improved survival 
compared to radiation therapy and/or chemotherapy. It 
is known that squamous cell carcinoma is more resistant 
than conventional urothelial carcinoma to radiotherapy and 
chemotherapy. 


Macroscopic Pathology 


Macroscopically, squamous cell carcinoma is usually 
bulky, polypoid, solid, and necrotic, often filling the 
bladder lumen, although it may be flat, irregular, ulcerated, 
and infiltrating (Figs. 14-1 and 14-2). Necrotic material 
and keratin debris are usually present on the surface. There 
is an apparent propensity for the lateral wall and trigone. 


Microscopic Pathology 


Squamous cell carcinoma is defined as a malignant neo- 
plasm that shows a pure squamous cell phenotype.!? Inva- 
sive squamous cell carcinoma of the bladder displays a 
range of differentiation, from well-differentiated to poorly 
differentiated, with a histologic spectrum that can vary from 
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Figure 14-3 Squamous cell carcinoma of the bladder. 


well-defined islands of squamous cells with keratinization, 
prominent intercellular bridges, and minimal nuclear pleo- 
morphism, to tumors exhibiting marked nuclear pleomor- 
phism and only focal evidence of squamous differentiation. 

Histologic grading is similar to that at other sites and is 
based on the extent of keratinization and degree of nuclear 
pleomorphism using a three-tiered system (grades 1, 2, and 
3) (Figs. 14-3 to 14-6).8!°32 Grades 1, 2, and 3 squamous 
cell carcinoma corresponds to well-differentiated, moder- 
ately differentiated, and poorly differentiated tumor, respec- 
tively. Well-differentiated squamous cell carcinoma consists 
of circumscribed islands of squamous cells with extensive 
keratinization, prominent intercellular bridges, and mini- 
mal nuclear pleomorphism. Poorly differentiated cancer dis- 
plays marked nuclear pleomorphism and focal evidence of 
squamous differentiation; moderately differentiated squa- 
mous cell carcinoma lies in between. Grade correlates with 
stage and patient outcome. The five-year survival for grades 
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Figure 14-4 Squamous cell carcinoma of the bladder 
(A to C). 
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Figure 14-5 Squamous cell carcinoma of the bladder. 


Figure 14-6 Squamous cell carcinoma of the bladder 
(A and B). 


1, 2, and 3 squamous cell carcinoma was 62%, 52%, and 
35%, respectively, in one study.® 

Morphologic variations may be present in a subset of 
cases and include clear cell change, spindled morphology, 
large squamous nest formation with central necrosis, and 
bizarre atypia often associated with giant tumor cells.’ 
Common findings associated with the invasive squamous 
component can include the presence of desmoplastic 
reaction surrounding the carcinoma, giant cell reaction to 
keratin, perineural invasion, and angiolymphatic invasion.’ 
Verrucous carcinoma and basaloid squamous cell carcino- 
mas are rare and unique variants (see the discussion below). 
Squamous cell carcinoma may also arise in the setting 
of diverticulum (Fig. 14-7). Sarcomatoid transformation 
may also be seen (Fig. 14-8; see Chapter 16 for further 
discussion). 

The major differential diagnostic consideration of squa- 
mous cell carcinoma is urothelial carcinoma with extensive 
squamous differentiation (Fig. 14-9; see Chapter 12 for 
further discussion). The diagnosis of squamous cell carci- 
noma of the bladder is reserved for pure tumors. In areas not 
endemic for schistosomiasis, such tumors should be studied 
carefully for a urothelial component, including urothelial 
carcinoma in situ; if found, the tumor is best classified 
as urothelial carcinoma with squamous differentiation. The 
presence of keratinizing squamous metaplasia, especially if 
associated with dysplasia, favors the diagnosis of squamous 
cell carcinoma. Condyloma acuminatum is also a consid- 
eration, but usually is easily distinguished by prominent 
koilocytotic changes.** Squamous papilloma of the bladder 
is extremely rare. 

Secondary invasion of the bladder by squamous cell 
carcinoma of the cervix or other contiguous primary sites 
should be excluded. While squamous cell carcinoma is the 
most typical histology in the cervix, a squamous component 
is generally associated with urothelial carcinoma in primary 
bladder tumors. Correlation with clinical and pathologic 
findings is of paramount importance and thus is critical 
in any questionable case (see also Chapter 23).*+ 


Schistosoma-associated Squamous Cell Carcinoma 


Schistosomiasis is known to be associated with squamous 
cell carcinoma of the bladder (Figs. 14-10 and 14-11). 
Tumors arising in this setting are typically large, often fill- 
ing the bladder lumen, and frequently polypoid or solid 
with visible necrosis and keratin debris; others are ulcerated 
infiltrating tumors. Histologically, the presence of keratiniz- 
ing squamous metaplasia in the adjacent flat epithelium is 
relatively constant and may be associated with dysplasia 
or carcinoma in situ. The prevalence of associated squa- 
mous metaplasia in cases of squamous cell carcinoma of 
the bladder ranges from 17% to 60% and is widely variable 
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Figure 14-7 Squamous cell carcinoma arising from a 
diverticulum (A to C). transformation (A to C; from the same case). 
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Figure 14-9 Urothelial carcinoma with squamous differentiation 


Figure 14-10 Schistosoma-associated squamous cell carcinoma. These tumors are typically low grade (A). Note numerous 
schistosomal eggs (B). 
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Figure 14-11 Schistosoma-associated squamous cell carcinoma (A and B). 


Figure 14-12 Verrucous squamous cell carcinoma. The tumor appears as broad exophytic fronds of squamous mucosa (A). The 
epithelium is remarkably well differentiated, with evidence of koilocytotic change. There is chronic inflammation at the interface 


with the stroma (B). 


according to geographic location of the patient popula- 
tion. Similar to non—Schistosoma-associated squamous cell 
carcinoma, these tumors range from well-differentiated to 
poorly differentiated, but most commonly are well differen- 
tiated with prominent keratinization and intercellular bridge 
formation with minimal nuclear pleomorphism. Pathologic 
stage and lymph node status are significant prognostic and 
predictive factors, and pathologic grade according to the 
degree of keratinization and the degree of nuclear pleomor- 
phism is also considered an important prognostic indicator. 
Radical surgical excision currently is the most widely used 
treatment option; neoadjuvant radiation has been reported 
to improve survival in aggressive tumors. 


Verrucous Squamous Cell Carcinoma 


Verrucous squamous cell carcinoma is a rare low grade, 
clinically indolent form of squamous cell carcinoma that is 


usually reported in association with schistosomiasis infec- 
tion but has also been reported in patients from nonendemic 
areas.”?335—38 Predisposing factors include recurrent cys- 
titis, bladder diverticula, and especially schistosomiasis.** It 
is morphologically identical to its counterparts at other sites, 
including the oral cavity. It may appear grossly exophytic, 
papillary, or as a warty mass. 

The tumor is composed of well-differentiated squamous 
mucosa with complex papillary, exophytic, and endophytic 
growth (Figs. 14-12 to 14-15). It usually has a pushing 
broad front invasion forming bulbous rete ridges. Cases 
of squamous carcinoma with verrucous features but which 
additionally have an infiltrative component have been 
described; it is recommended by the WHO (2004) not to 
diagnose such cases as verrucous carcinoma but as regular 
squamous cell carcinoma. 

Sebaceous differentiation has been described in an 
unusual case, appearing as collections of carcinoembryonic 
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Figure 14-13 Verrucous squamous cell carcinoma (A to C). 


antigen-immunoreactive clear cells with peculiar glandular 
spaces at the base.’ 

Verrucous squamous cell carcinoma in the bladder is 
associated with minimal risk of progression whether or not 
associated with schistosomiasis. A link to human papillo- 
mavirus (HPV) infection has not been established.*? Local 
recurrence is frequent, but this cancer does not metasta- 
size early (if ever) to regional lymph nodes. Verrucous 
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Figure 14-14 Verrucous squamous cell carcinoma. 


squamous cell carcinoma may undergo transformation to 
aggressive anaplastic carcinoma after radiation therapy, so 
this treatment should be avoided. 

Condyloma acuminatum is the most common and impor- 
tant differential diagnostic consideration (Table 14-1). 
Condyloma acuminatum is a squamous epithelial papillary 
growth that often displays koilocytosis characteristic of 
HPV infection. Cheng et al.*° compared three cases of ver- 
rucous carcinoma to three cases of condyloma acuminatum 
and found that condyloma acuminatum contained HPV 
DNA. All cases of verrucous carcinoma were negative for 
HPV DNA, indicating that HPV infection does not play a 
role in the pathogenesis of verrucous carcinoma. Clinical 
history is helpful because condyloma acuminatum of the 
bladder is almost always associated with external genitalia 
lesions. 


Basaloid Squamous Cell Carcinoma 


Basaloid squamous cell carcinoma has recently been rec- 
ognized in the urinary bladder, with one case reported.*! 
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Figure 14-15 Verrucous squamous cell carcinoma (A to C). 


Table 14-1 Differential Diagnosis of Squamous Papilloma, Condyloma Acuminatum, and Verrucous Squamous Cell Carcinoma 


of the Urinary Bladder? 


Age (years) 
Gender (male-to-female) 
Clinical history 


Clinical presentation 

Biological behavior 

Location 

Extent 

Histologic changes 
Architecture 
Pushing margin 
Cytologic atypia 
Stromal invasion 

p53 alteration 

Human papillomavirus 
detection 

DNA ploidy 


Squamous Papilloma 


62 (range, 32-82) 
1:6 
Nonspecific 


Irritative symptoms 
Rarely recurs 

No predilection 
Small, solitary 


Papillary 

Absent 

Usually not seen or mild 
Absent 

—/+ 


Diploid 


a+, usually positive; +/—, variable staining; —, usually negative. 


Condyloma Acuminatum 


40 (range, 17-706) 

IRG 

External genitalia condyloma 
or history of 
immunosuppression 

Irritative symptoms 

Aggressive 

No predilection 

Multiple, extensive 


Papillary 

Absent 

Usually not seen or mild 
Absent 

+ 

+ 


Aneuploid 


Verrucous Squamous 
Cell Carcinoma 


66 (range, 43-83) 
Asi 
Nonspecific 


Irritative symptoms 
Aggressive 

No predilection 
Diffuse, extensive 


Expansive and endophytic 
Present 

May be present 

Present 

+ 


Aneuploid 
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Figure 14-16 Basaloid squamous cell carcinoma (A and B). 


The patient had a long-standing history of recurrent urinary 
tract infections. Grossly, it was a sessile multilobulated 
tan-brown mass involving the posterior wall of the bladder. 
Architecturally, the tumor was characterized by small nests 
of basaloid cells with minimal cytoplasm arranged with 
peripheral palisading (Figs. 14-16 and 14-17). Cytologi- 
cally, the tumor cells had a high nuclear-to-cytoplasmic 
ratio with dense hyperchromatic nuclei. Central necrosis 
of the larger nests and pseudoglandular arrangement of the 
small nests was focally present. The tumor stroma was 
desmoplastic. Mitotic figures and apoptotic bodies were 
frequent. The reported case also had microscopic foci of 
urothelial cell carcinoma with squamous differentiation. 
Squamous metaplasia was present elsewhere in the bladder 
in addition to dysplasia and squamous cell carcinoma 
in situ. The experience with basaloid squamous cell 
carcinoma in other organs suggests a more aggressive 
course and a worse prognosis than those of conventional 
squamous carcinoma.*! We believe that this tumor should 
be classified as urothelial carcinoma with squamous cell 


Figure 14-17 Basaloid squamous cell carcinoma. 


differentiation (basaloid type) until more data are available 
for this type of tumor. 


Other Squamous Lesions 


Keratinizing Squamous Metaplasia 


Keratinizing squamous metaplasia is considered a putative 
precursor lesion of squamous cell carcinoma (Fig. 14-18). It 
may be present in the adjacent epithelium in cases of squa- 
mous cell carcinoma of the bladder, and frequently displays 
the full spectrum of dysplastic lesions and/or carcinoma 
in situ (Figs. 14-19 to 14-21)? 

See Chapter 3 for further discussion. 


Figure 14-18 Keratinizing squamous metaplasia. 
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Figure 14-21 Nonkeratinizing squamous metaplasia. 


Figure 14-19 Pagetoid spread of carcinoma in situ in 
keratinizing squamous metaplasia. 
Squamous Cell Carcinoma in Situ 


Only a few reports on squamous cell carcinoma in situ 
of the bladder are available (Figs. 14-22 to 14-24),!2264 
Histologically, it is identical to squamous cell carcinoma 
in situ found in other organ sites. It is commonly found 
in invasive squamous cell carcinoma (Fig. 14-25) and is 
often associated with subsequent or concurrent invasive 
urothelial carcinoma with squamous differentiation. In a 
recent report of 11 patients, one patient had no evidence 
of disease at 8 months; one had residual squamous cell 
carcinoma in situ at 10 months; one had high grade 
urothelial carcinoma (not otherwise specified) at rebiopsy 
after 6 months; three patients were noted to have invasive 
squamous cell carcinoma at intervals of 2, 3, and 4 
months, respectively; and one was found to have invasive 
urothelial carcinoma with squamous features in the cystec- 
tomy specimen at 12 months.” A high risk HPV DNA 
signal was detected in one case. Enhanced expression of 
epidermal growth factor receptor (EGFR) in these bladder 
squamous lesions suggests that EGFR may represent a 
therapeutic target in cases that are difficult to manage 
surgically.7° 


Squamous Papilloma 


Squamous papilloma of the bladder is extremely rare. It 
occurs in elderly women and follows a benign clinical 
course with infrequent recurrence. It is diploid, with 
no or minimal p53 nuclear accumulation, and is HPV 
negative.’ Histologically, it is composed of papillary cores 
with overlying benign squamous epithelium (Figs. 14-26 
and 14-27). Some demonstrate immunohistochemical 
expression of EGFR protein.? In the bladder or urethra, 


Figure 14-20 Nonkeratinizing squamous metaplasia (A and it has to be differentiated from condyloma acuminatum, 
B). Note the transition between normal urothelium and an aneuploid benign lesion positive for HPV, increased 
squamous metaplasia. p53 nuclear accumulation, and prominent koilocytotic 
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Figure 14-22 Squamous cell carcinoma in situ (A to D; from the same case). 


Figure 14-23 Squamous cell carcinoma in situ. 


changes. Papillary cystitis, a common reactive lesion in 
which the urothelium is occasionally replaced by meta- 
plastic squamous epithelium, also enters the differential 
diagnosis.’ 

See Chapter 5 for further discussion. 


Condyloma Acuminatum 


Occasional cases of viral cystitis are associated with HPV 
infection,” but, in our experience, this is extremely uncom- 
mon (see also Chapter 2). 

Condyloma acuminatum of the bladder is associated 
with HPV infection, is more common in women than 
in men (2:1 ratio), and affects patients of all ages, 
although most are younger than 50 years.*?> It usually 
arises in patients with condyloma of the urethra, vulva, 
vagina, anus, or perineum, but isolated bladder involve- 
ment has been reported. Some cases are associated with 
human immunodeficiency virus (HIV) infection.4°*7 At 
cystoscopy, condyloma acuminatum typically consists 
of a solitary lesion, but diffuse involvement has been 
reported.*® It usually occurs in the region of the bladder 
neck and trigone as an exophytic papillary mass, and the 
major differential diagnostic consideration is papillary 
urothelial carcinoma (Fig. 14-28). Microscopically, it has 
features similar to those of its counterpart in other organs, 
including the presence of koilocytotic cells with abundant 
clear cytoplasm and hyperchromatic wrinkled nuclei with 
perinuclear halos (Figs. 14-29 to 14-31). Condylomata 
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Figure 14-25 Squamous cell carcinoma in situ with 
microinvasion. 


Figure 14-24 Squamous cell carcinoma in situ (A and B). 


within the bladder, as elsewhere, may undergo malignant 
transformation,>” and this may be predicted by the type of 
HPV involved in its etiology.4 Urothelial carcinoma may 
contain foci of koilocytosis, but this is very uncommon. 
Although condyloma acuminatum is considered by one 
author to be synonymous with squamous papilloma,>! we 
agree with the majority of others and do not consider 
these to be separate entities, similar to counterpart lesions 
in many other organs in the body. Cytoplasmic vacuoles 
may be seen in various urothelial lesions, and caution is 
warranted in making the diagnosis of condyloma acumina- 
tum of the bladder, which is exceedingly uncommon. The 
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differential diagnosis of condyloma includes squamous See 
metaplasia (Fig. 14-32), squamous papilloma, papillary ; 
urothelial carcinoma (Fig. 14-33), and verrucous squamous 
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cell carcinoma. Figure 14-26 Squamous papilloma of the bladder (A and B). 
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Figure 14-27 Squamous papilloma (A to D). 


Figure 14-28 Condyloma acuminatum of the bladder. 
characteristic polypoid configuration (B). 


Squamous Cell Carcinoma and Other Squamous Lesions 


n É ASAT ~ £ Á En 
Figure 14-29 Condyloma acuminatum of the bladder. Note the prominent koilocytic atypia (A). Immunostaining for HPV is 
positive (B). 
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Figure 14-30 Condyloma acuminatum of the bladder 


Figure 14-31 Condyloma acuminatum of the bladder (A and B). 
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Figure 14-33 Low grade papillary urothelial carcinoma with 
prominent cytoplasmic vacuoles mimicking koilocytic atypia. 


Figure 14-32 Squamous metaplasia with cytoplasmic vac- 
uoles mimicking koilocytic atypia of HPV infection. 
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Neuroendocrine Tumors 


Small Cell Carcinoma 


Epidemiology and Clinical Features 


Small cell carcinoma of the urinary bladder is a rare but 
highly aggressive malignancy, accounting for less than 1% 
of all bladder tumors.'~*! Demographically, the majority 
of patients are male, and most patients are in the sixth to 
seventh decade of life. A recent clinicopathological study 
of 64 cases by Cheng et al. showed that the mean age at 
diagnosis is 66 years, ranging from 36 to 85 years, with 
a male predominance (male-to-female ratio, 3.3 : 1).! Many 
patients have a history of smoking. 

Clinical presentations include site-specific and sys- 
temic symptoms. Site-specific symptoms are similar to 
those of urothelial carcinoma. Gross hematuria with or 
without dysuria is the most common symptom. In Cheng 
et al.’s study, 88% of patients presented with hematuria.! 
Others had irritative symptoms such as dysuria, nocturia, 
frequency, urinary obstructive symptoms, or localized 
abdominal/pelvic pain. Systemic symptoms are nonspe- 
cific, including anorexia and weight loss. Occasionally, 
patients have paraneoplastic syndromes with hyper- 
calcemia, hypophosphatemia, or ectopic secretion of 
adrenocorticotropic hormone (ACTH).'?-'> One patient 
was reported to have secretion of ectopic ACTH and 
Cushing syndrome.’ 

The overall prognosis for small cell carcinoma of the 
urinary bladder is poor, with a median survival time of 
one to two years, although a few patients have had long- 
term survival.! In Cheng et al.’s report of 64 cases, the 
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cancer-specific survival rate at five years was 16% 
(Fig. 15-1),! consistent with the 14% rate reported by 
Choong et al. from the Mayo Clinic.’ The overall median 
survival was 1.7 years.’ Improvement in survival may 
depend on the identification of new molecular markers for 
early diagnosis and for the development of novel targeted 
therapies.?!:?? 


Pathologic Findings 


Macroscopic Pathology 

Small cell carcinoma of the urinary bladder most commonly 
presents as a large solid polypoid mass, but may also appear 
sessile and ulcerated (Fig. 15-2). The tumors may infiltrate 
the bladder wall extensively. The vesical lateral walls and 
the dome are the most frequent topographies, but rare cases 
may arise in a diverticulum. 


Microscopic Pathology 

Small cell carcinoma of the urinary bladder is morpholog- 
ically similar to its lung counterpart. It typically exhibits 
both epithelial and neuroendocrine differentiation. How- 
ever, the diagnosis of small cell carcinoma can be made 
on the typical morphologic features alone, even if neuroen- 
docrine differentiation cannot be demonstrated. 

The tumor consists of sheets or nests of small or 
intermediate cells with nuclear molding, scant cytoplasm, 
inconspicuous nucleoli, and evenly dispersed “salt and 
pepper chromatin” (Figs. 15-3 to 15-10). Mitotic activity 
is brisk. Punctate or geographical necrosis is common. 
There may be DNA encrustation of blood vessel walls 


40 50 60 70 80 


Months after diagnosis 


Figure 15-1 
with permission.) 
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Kaplan-Meier survival curves for 64 patients with small cell carcinoma of the urinary bladder. (From Ref. 1; 
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Figure 15-2 Small cell carcinoma of the urinary bladder. 
Gross (A) and microscopic appearance (B). 


Figure 15-3 Small cell carcinoma of the urinary bladder. 
Tumors are comprised of sheets, nests, and cords of small 
cells with scant cytoplasm and hyperchromatic nuclei with 
nuclear crowding and overlapping. The surface urothelium is 
denuded. Note the crushing artifact, which is common in 
neuroendocrine carcinoma. 
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Figure 15-4 Small cell carcinoma of the urinary bladder 
(A and B). The surface urothelium is intact (A, right upper 
corner). 


(Azzopardi phenomenon). Occasionally, tumor rosettes 
are present. Vascular invasion is frequent in these tumors. 
A great majority of tumors infiltrate detrusor muscle 
extensively. Crush artifact is frequently seen, which can 
make diagnosis difficult in biopsy specimens. 

Coexisting nonsmall cell carcinoma components, 
including urothelial carcinoma in situ, urothelial car- 
cinoma, adenocarcinoma, squamous cell carcinoma, or 
sarcomatoid carcinoma, occur in from 12% to 61% of 
the cases by different studies (Figs. 15-11 to 15-16). 
A study of 64 cases by Cheng et al. showed that 32% 
were pure small cell carcinoma; 44 cases (68%) consisted 
of small cell carcinoma admixed with other histological 
types (urothelial carcinoma in 35 cases, adenocarcinoma 
in four cases, sarcomatoid urothelial carcinoma in two 
cases, and both adenocarcinoma and urothelial carcinoma 
in three cases).! In the series of 44 cases, pure small cell 
carcinoma and mixed small cell carcinoma were present 
in 27 patients (61%) and 17 patients (39%), respectively. 
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Figure 15-5 Small cell carcinoma of the urinary bladder 
(A and B). Tumor invades the muscularis propria. 


Figure 15-6 Small cell carcinoma of the urinary bladder. Figure 15-8 Small cell carcinoma with spindle cells 
Tumor invades the muscularis propria. (A and B). 
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Figure 15-9 Small cell carcinoma with prominent 
vasculature. 


Figure 15-10 Small cell carcinoma of the urinary bladder 
presenting as a polypoid lesion. 


In another study, only 12% of cases were pure small cell 
carcinoma, whereas a mixture of small cell carcinoma 
and urothelial carcinoma was noted in 36 cases (70%), a 
mixture of small cell carcinoma and adenocarcinoma was 
present in four cases (8%), and a mixture of small cell 
carcinoma and squamous cell carcinoma was present in five 
cases (10%).> 

Whether the tumor with a predominant component of 
small cell carcinoma substantially worsens the prognosis as 
opposed to tumor with a relatively small component has 
not been ascertained. Current data did not show a survival 


Figure 15-11 Coexisting small cell carcinoma and urothelial 
carcinoma in situ. 


Figure 15-12 Coexisting small cell carcinoma and urothelial 
carcinoma in situ (A and B). 
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Figure 15-13 Coexisting small cell carcinoma, urothelial 
carcinoma in situ, and papillary urothelial cacinoma 
(A and B). 


difference between tumors with pure small cell carcinoma 
and tumors with mixed histology. !7 


Ultrastructural Features 


Ultrastructurally, tumor cell nuclei are irregular with 
coarse chromatin. Cytoplasm is scant with sparse 
organelles including polyribosomes, short segments of 
rough endoplasmic reticulum, mitochondria, and occasional 
Golgi complexes. A finding of diagnostic importance is 
the presence of membrane-limited rounded dense-core 
granules ranging from 150 nm to 250 nm in diameter, 
which have been observed in almost all cases examined.®!® 
Tonofilaments and dendrite-like processes are also present 
in the some of the cases. 


Immunohistochemistry 


The immunohistochemical profile of small cell carcinoma 
of the urinary bladder has been investigated extensively 


Figure 15-14 Coexisting small cell carcinoma (left), 
urothelial carcinoma (middle), and adenocarcinoma (right). 


Pa 


Figure 15-15 Coexisting small cell carcinoma and 
sarcomatoid carcinoma. 


(Table 15-1).°°??-29 Markers that have been helpful 
in confirming neuroendocrine differentiation in small 
cell carcinoma include neuron-specific enolase (NSE), 
chromogranin, synaptophysin, Leu 7 (CD57), protein gene 
product 9.5 (PGP9.5), serotonin, vasoactive intestinal 
peptide, and others. Neuroendocrine differentiation has 
been demonstrated in 30% to 100% cases of small cell 
carcinoma by various markers in different studies. Chro- 
mogranin A appears to be a relatively insensitive marker, 
but very specific, demonstrable immunohistochemically in 
only a one-third of cases (Fig. 15-17; Table 15-1). 
Positive immunostaining for cytokeratin (CK) 7 has 
been observed in about 60% of cases.%!775-830 CK20 
and uroplakin II immunostains are negative in small 
cell carcinoma of the urinary bladder.?53!-33 Strong and 
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Figure 15-16 Neuroendocrine aee (chromogranin A) saihe in a ee carcinoma a with asda EET carcinoma. 
(A) Left, urothelial carcinoma; right, small cell carcinoma; (B) chromogranin A staining; (C) small cell carcinoma; (D) small cell 


carcinoma component shows positive cytoplasmic staining for chromogranin A; (E) urothelial carcinoma; and (F) chromogranin A 
is negative in urothelial carcinoma component. (From Ref. 2; with permission.) 
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Table 15-1 Immunohistochemistry of Small Cell 
Carcinoma of the Urinary Bladder 


Markers % Cases Staining 
Neuron-specific enolase 90 
Neurofilament 84 
Human milk fat globulin 67 
Epithelial membrane antigen 63 
Cytokeratin AE1/AE3; CAM5.2 61 
Carcinoembryonic antigen 50 
Synaptophysin 46 
LeuM1 (CD15) 43 
Chromogranin 41 
TTF-1 40 
Serotonin 38 
Leu 7 (CD57) 35) 
$100 protein 34 
Vasoactive intestinal peptide i7 
Vimentin 17 
Adrenocorticotropin hormone 9 


Figure 15-17 Strong positive chromogranin A 
immunostaining in small cell carcinoma of the bladder. 


focally intense cytoplasmic dot-like CAMS.2 reactivity is 
reported in about two-thirds of cases studied.>> Positive 
immunostaining for CK 348E12 has been observed in 
40% of cases,*! and positive epithelial membrane antigen 
(EMA) immunostaining in about 78% of cases.°78 p53 is 
overexpressed in 52% of cases.” Reported frequencies of 
Ki67 expression have varied from 15 to 80%.31-32 
CD44v6 may be useful in distinguishing poorly differ- 
entiated urothelial carcinoma from small cell carcinoma. 
CD44, a member of a family of transmembrane glyco- 
proteins, mediates cell—cell and cell—matrix adhesion, the 
latter by serving as a receptor for hyaluronate binding. 
CD44v6 splice variant is an isoform conferring metastatic 
potential and has been correlated with aggressive behavior 


Figure 15-18 Small cell carcinoma of the bladder (A and B) 
with strong nuclear immunereactivity for TTF-1 (B). 


in some cancers. CD44v6 immunoreactivity is demonstra- 
ble in 60% of cases of urothelial carcinoma, compared with 
only 7% positivity in small cell carcinoma.*+*> 

Thyroid transcription factor 1 (TTF-1) is consid- 
ered to be a reliable marker for distinguishing primary 
adenocarcinomas of the lung from adenocarcinomas of 
extrapulmonary origin, and for distinguishing pulmonary 
small cell carcinoma from Merkel cell carcinoma. Jones 
et al.2> showed that approximately 40% of cases of 
small cell carcinoma of the urinary bladder had positive 
TTF-1 staining (Figs. 15-18 and 15-19). Therefore, TTF-1 
immunostaining cannot reliably distinguish between a lung 
and a urinary bladder primary in cases of metastatic small 
cell carcinoma of uncertain primary location. 


Differential Diagnosis 


Small cell carcinoma of the urinary bladder must be distin- 
guished from other primary bladder malignancies, such as 
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Figure 15-19 Coexisting small cell carcinoma aoe seen 
carcinoma in situ (A). Small cell carcinoma components are 
highlighted by TTF-1 nuclear staining (B). 


malignant lymphoma, lymphoepithelioma-like carcinoma, 
plasmacytoid carcinoma, large cell neuroendocrine carci- 
noma, poorly differentiated urothelial carcinoma, poorly 
differentiated squamous cell carcinoma, and small cell car- 
cinoma metastatic to the bladder from another site. Ancil- 
lary techniques, particularly immunohistochemical staining, 
can be very helpful in distinguishing these neoplasms (see 
the discussion above). 

Small cell carcinoma can occasionally mimic malignant 
lymphoma when the tumor cells of small cell carcinoma 
appear to grow in a discohesive pattern, a finding that may 
result from artifacts produced by fixation and specimen 
processing. Lymphoma shows positive immunostaining for 
leukocyte common antigen, and negative immunostaining 
for keratin and neuroendocrine markers that typically are 
positive in small cell carcinoma. Plasmacytoid carcinoma, 
poorly differentiated urothelial carcinoma, and squamous 
cell carcinoma do not express neuroendocrine markers 


Neuroendocrine Tumors 


such as synaptophysin or chromogranin as does small cell 
carcinoma.*® Large cell neuroendocrine carcinoma is mor- 
phologically characterized by large tumor cells with low 
nuclear-to-cytoplasmic ratios, coarse chromatin, frequent 
nucleoli, and high mitotic activity with areas of necrosis. 
Neuroendocrine differentiation can be demonstrated both 
immunohistochemically and ultrastructurally (see further 
discussion below). 

Small cell carcinoma metastatic to the urinary bladder 
can be difficult to differentiate from primary bladder tumors 
without appropriate clinical information. TTF-1 is essen- 
tially unhelpful in distinguishing pulmonary from extrapul- 
monary small cell carcinoma.”>7’ Therefore, appropriate 
clinical information is essential in establishing a correct 
diagnosis of metastatic small cell carcinoma involving the 
urinary bladder. A TTF-1 and p63 immunoprofile may indi- 
cate small cell carcinoma originating from the bladder. We 
have on occasion observed small cell carcinoma of the 
bladder associated with a more differentiated phenotype 
resembling atypical carcinoid. 

It is notable, however, that almost all the Merkel cell 
carcinomas are CK20 positive, whereas most small cell car- 
cinomas arising in other sites (including the urinary bladder) 
are CK20 negative.** Therefore, CK20 appears to be use- 
ful in distinguishing Merkel cell carcinoma from small cell 
carcinomas of other origins. 

Distinction between small cell carcinoma of the prostate 
and urinary bladder may be challenging, especially in small 
biopsy specimens without associated prostatic adenocar- 
cinoma or urothelial carcinoma.*? Recently, gene fusions 
between ETS transcription factor genes, particularly ERG 
and TMPRSS2, have been identified as a frequent event in 
prostate cancer. Thus, molecular methods may be helpful 
in determining the primary site of small cell carcinoma. In 
a recent study of 30 cases of prostatic small cell carcinoma 
and 25 cases of bladder small cell carcinoma, Williamson 
and his colleagues found TMPRSS2 -ERG gene fusion in 
47% (14/30) of prostatic small cell carcinoma (Figs. 15-20 
and 15-21).*° Small cell carcinomas of the bladder were 
negative for TMPRSS2 -ERG gene fusion. The presence 
of TMPRSS2 -ERG gene fusion in small cell carcinoma 
established prostatic origin.*? 


Histogenesis 


Several hypotheses have been proposed to explain the his- 
togenesis of small cell carcinoma of urinary bladder.'?One 
theory (stem cell theory) is that small cell carcinoma 
originates from multipotential, undifferentiated stem 
cells. This is supported by the observation that small 
cell carcinoma frequently coexists with other histologic 
types of bladder carcinoma (predominantly urothelial 
carcinoma, occasionally adenocarcinoma or squamous cell 
carcinoma). 1262040 At the molecular level, by using laser 
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Figure 15-20 Schematic representation of ERG rearrangement identification in prostatic small cell carcinoma by tricolor FISH. 
The red probe hybridizes to the 3’ sequence of ERG, the green probe hybridizes to the 5’ sequence of ERG, and the aqua probe 
hybridizes to TMPRSS2. (A) Wild type (normal) findings at the 21q22 locus show a triplet of overlapping red and green signals with 
aqua signals spaced at a variable distance from the red-green pair. (B) Cells with ERG—TMPRSS2 rearrangement exhibit splitting 
(separation) of the red-green signal pair, accompanied by a fused red—aqua signal for one allele. (C) A subset of cases with 
rearrangement showed loss of the corresponding green signal for one allele, indicating 5’ ERG deletion. (From Ref. 39; with 


permision.) 


capture microdissection and five polymorphic microsatel- 
lite markers, Cheng and his colleagues found nearly 
identical patterns of allelic loss in small cell carcinomas 
and coexisting urothelial carcinomas, suggesting a common 
clonal origin (Figs. 15-22 to 15-24). 

Another theory is that small cell carcinoma originates 
from neuroendocrine cells in normal or metaplastic 
urothelium. The occurrence of pure carcinoid tumors of the 
bladder suggests that neuroendocrine cells of the bladder 
can become neoplastic.*! Some authors speculated that 
Kultschitzky-type neuroendocrine stem cells may exist 
within the urothelium and may give rise to neuroendocrine 
tumors, such as small cell carcinoma.*? Others have 
suggested that small cell carcinoma of the bladder may be 
derived from a poorly defined population of submucosal 
cells of neural crest origin, the same cells from which para- 
gangliomas and neurofibromas arise in the urinary bladder. 

Because of frequent findings of glandular metaplasia, 
adenocarcinoma, and squamous cell carcinoma of the 


urinary bladder, Cramer et al.'* suggested that small cell 
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carcinoma in the bladder arises from cells in the urothelium 
as a result of metaplasia. In addition, a large fraction of 
patients with small cell carcinoma have concomitant foci of 
urothelial carcinoma.!!>-!9 Further detailed characterization 
of genetic changes in biologically and morphologically 
distinct tumor cell populations, small cell component, and 
concurrent nonsmall cell carcinoma component (urothelial 
carcinoma, squamous cell carcinoma, and adenocarcinoma) 
may provide further insight into the histogenesis. 


Molecular Genetics 


Only a few studies of the cytogenetic changes and loss of 
heterozygosity (LOH) in small cell carcinoma of urinary 
bladder have been reported. The first cytogenetic study 
by Atkin*? showed hypertriploidy and hypertetraploidy, 
associated with extensive chromosomal rearrangements 
involving chromosomes 1-3, 5-7, 9, 11, and 18. Frequent 
deletions of 10g, 4q, 5q, and 13q and gains of 8q, 5q, 6p, 


and 20q have been identified.4 High level amplifications 


Neuroendocrine Tumors 


Tat Sa 
i =< - 
EES 


r 
AAEE, pI A TAE ran 
"aS 


REP Neco E 
4 A > 
S 4 
RATA ESEN 
2 4 Sere ; rad 
X Ir y Ci F 


Figure 15-21 Morphology and ERG gene rearrangement by FISH in small cell carcinoma and adenocarcinoma of the prostate. 
(A) Low magnification shows admixed small cell carcinoma and concurrent prostatic acinar adenocarcinoma. (B) The wild type 
(normal) pattern of ERG demonstrates proximate or fused ERG 3’ (red) and ERG 5’ (green) signals with TMPRSS2 (aqua) either 
adjacent to or slightly separated from the red-green signal pair. (C) The small cell carcinoma cells are arranged in cords, nests, or 
sheets, with the nucleus showing prominent hyperchromasia, nuclear molding, small punctate nucleoli, and brisk mitotic activity. 
(E) In contrast, the typical prostatic adenocarcinoma component retains the characteristic small, round glands. ERG gene 
rearrangements are detectable by FISH in both small cell (D) and adenocarcinoma components (F). In the typical rearrangement, 
the green signal (ERG 5’, thin arrows) is separated from the red signal with red and aqua signals approximated (ERG 3’- TMPRSS2 
fusion, thick arrows, D and F). In other cases, rearrangement is associated with a red—aqua signal doublet, with loss of the 
corresponding green signal (G). A subset of cases with and without rearrangement demonstrates copy number gain at the 21q22 
locus (H). (From Ref. 39; with permision.) 
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Figure 15-22 Laser microdissection of concomitant small cell and urothelial carcinoma of the urinary bladder. (A) Low-power 
view of a tumor with coexsting small cell carcinoma and urothelial carcinoma components. (B) Urothelial carcinoma before 
microdissection (B1) and after microdissection (B2). (C) Urothelial carcinoma before microdissection (C1) and after 
microdissection (C2). (From Ref. 2; with permission.) 
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Figure 15-23 Schematic illustration of clonality analysis in concomitant small cell and urothelial carcinoma of bladder. Cells 
from the distinctly separate small cell and urothelial components were obtained by tissue microdissection, DNA was prepared, 
and the polymerase chain reaction was used to amplify DNA. DNA sampled from separate small cell and urothelial cells 
demonstrating identical allelic loss pattern (pattern B) is compatible with a common clonal origin, whereas different patterns of 
allelic deletions (pattern A) are compatible with independent clonal origins of these two components. SCC, small cell carcinoma; 


UC, urothelial carcinoma. (From Ref. 2; with permission.) 


were found at 1p22—32, 3q26.3, 8q24, and 12q14—21, 
sites that may harbor oncogenes operative in small cell 
carcinoma, such as c-myc and MDM2. Monosomy 9, 
homozygous deletion of p16, and trisomy 7 were found 
more frequently in small cell carcinoma than in urothelial 
carcinoma.* A study of 20 cases of small cell carcinoma 
of the urinary bladder by Cheng et al. showed frequent 
LOH at 3p25—26, 9p21, 9q32-33, and 17p13.? 

Human papillomavirus (HPV) has been implicated 
as an etiologic agent for the development of primary 
small cell carcinoma of the uterine cervix. Wang and Lu 
demonstrated HPV DNA in all 22 cases of small cell 
carcinoma of the uterine cervix; however, no HPV DNA 
was detected in any of the eight cases of urinary bladder 
small cell carcinomas.“ This finding suggests that HPV 
does not play a role in the pathogenesis of small cell 
carcinoma of urinary bladder. 


Prognostic Factors 


Small cell carcinoma of the urinary bladder is a highly 
aggressive neoplasm. A number of investigators have evalu- 
ated the usefulness of various immunomarkers in predicting 
its prognosis. p53, encoded by the TP53 tumor suppressor 
gene, is a key cell-cycle regulator, involving cell growth 
and proliferation. Mutations of the TP53 gene have been 
shown to be the most common genetic alterations in human 
cancers.*”48 The abnormal protein coded by mutant TP53 
is more stable, has a longer half-life, and subsequently accu- 
mulates in the cells. Numerous studies have shown that 
p53 expression is associated with high grade, high stage, 
and poor prognosis in malignancies of a variety of organ 
sites. Several investigators have evaluated p53 expression 
in small cell carcinoma of the urinary bladder.?>7!46 TP53 
nuclear positivity ranged from 52% to 80% (Fig. 15-25). 
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Figure 15-24 Clonality analysis of small cell carcinoma and 
coexisting urothelial carcinoma. Representative results of loss 
of heterozygosity (LOH) (A) and X chromosome inactivation 
analysis (B). DNA was prepared from normal tissue (N), small 
cell carcinoma (SCC), and urothelial carcinoma (UC) of the 
combined tumor, amplified by polymerase chain reaction 
using polymorphic markers D3S$3050, IFNA, D9S171, 
D9S177, and TP53 and separated by gel electrophoresis. 
Arrows, allelic bands; —, without Hhal digestion; +, with 
Hhal digestion. (From Ref. 2; with permission.) 


However, no correlation between p53 expression and prog- 
nosis was demonstrated, possibly due to the overall poor 
prognosis of this highly aggressive neoplasm.’ 

Ki67 (MIB1) expression has been shown to be an 
indicator of poor prognosis for numerous malignancies. 
Reported Ki67 expression frequencies have varied from 
15% to 80% in studies of small cell carcinoma of the 
urinary bladder.*!*? However, its prognostic significance 
in the small cell carcinoma of the urinary bladder has not 
been well defined. 

TTF-1 is a nuclear transcriptional factor protein, which is 
expressed in thyroid and lung epithelium. Although TTF-1 
expression has been found to be associated with a better 
prognosis in nonsmall cell carcinoma of the lung,” there is 
no correlation between TTF-1 expression and prognosis or 
other clinicopathologic parameters in small cell carcinomas 
of the urinary bladder or other sites.° 
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Figure 15-25 p53 immunostaining in small cell carcinoma 
of the urinary bladder. Small cell carcinoma of the urinary 
bladder (A) showed nuclear accumulation of p53 protein (B). 


Members of the epidermal growth factor recep- 
tor (EGFR) superfamily are transmembrane growth 
factor tyrosine kinases that share similarities in struc- 
ture and function. They include four distinct receptors 
(EGFR/erbl, human epidermal growth receptor (HER) 
2/erb2, HER3/erb3, and HER4/erb4), which play important 
roles in tumor cell survival and proliferation. EGFR 
(HER1, c-erb-B1) is expressed in many human epithe- 
lial malignancies, including nonsmall cell carcinoma of 
the lung.°° The successful treatment of gastrointestinal 
stromal tumors and chronic myeloid leukemia utilizing 
anti-CD117 (Gleevec, STI-571), and the use of monoclonal 
antibodies against HER1 (Gefitinib) and HER2 (Herceptin, 
trastuzumab] in the treatment of nonsmall cell carcinoma 
of the lung and carcinoma of the breast have encouraged 
investigators to evaluate the potential therapeutic benefit 
of targeted therapy for other malignancies.5!5? Several 
recent studies have focused on the immunohistochemical 
expression of EGFR in small cell carcinoma of the urinary 
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bladder. Wang et al. analyzed 52 cases of urinary bladder 
small cell carcinoma and found positive EGFR expression 
in 14 of 52 (27%) cases. No EGFR gene amplification 
was observed by fluorescence in situ hybridization (FISH). 
However, 40 cases had polysomy and the remaining 12 
cases displayed disomy (Fig. 15-26). These findings raise 
the possibility that EGFR may be a potential therapeutic 
target in the treatment of this malignancy. 

C-kit (CD117) is a transmembrane tyrosine kinase 
receptor which is encoded by the protooncogene c-kit. 
C-kit has been shown to be involved in many physiological 
and pathological processes, including hematopoiesis and 
oncogenesis.” In a study of small cell carcinoma of the 
urinary bladder by Pan et al., 14 of 52 cases (27%) showed 
positive immunostaining for c-kit with more than 10% of 
tumor cells staining.2° These data suggest the possibility 
that c-kit may be a worthwhile therapeutic target in a 
subset of patients with small cell carcinoma of the urinary 
bladder. 

HER2 is overexpressed in a variety of carcinomas, 
including those of breast, bladder, ovary, endometrium, 
and lung. Expression of HER2 is generally associated with 
a poor prognosis. Typical membranous immunostaining 
for c-erb-B2 was observed in 50% of cases of small cell 
carcinoma of the urinary bladder by Soriano et al., °! again 
raising the question of whether therapy against this target 
molecule might prove beneficial in the management of 
small cell carcinoma of the urinary bladder. 


Staging, Treatment, and Outcome 


Data regarding the staging, treatment, and prognosis of 
small cell carcinoma of the urinary bladder have been 
derived from more than 200 case reports and patient series 
of varying sizes. The majority of patients present with 
metastatic disease at time of diagnosis, including metas- 
tases to regional lymph node, bone, liver, and lung. 13757-21 
Overall prognosis has been shown to be correlated with the 
stage of disease at the presentation. Other clinicopathologic 
parameters, such as age, gender, presenting symptoms, 
and the presence of coexisting nonsmall cell carcinoma 
component, are not associated significantly with survival.! 

Cheng et al. studied 64 cases of small cell carcinoma 
of the urinary bladder and reported that, with only one 
exception, disease stage was pT2 or higher at the time 
of initial clinical presentation.! Sixty-six percent of 
patients who underwent lymph node evaluation had lymph 
node metastases. Thirty-eight patients had cystectomy 
(37 radical and one partial). Fifty-six percent of the 
patients received chemotherapy. Cisplatin/etoposide and 
carboplatin/etoposide combination chemotherapy regimens 
were those most commonly used in treating the patients 
in their series. Twenty-five percent of patients received 
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Figure 15-26 Analysis of EGFR expression in small cell 
carcinoma of the urinary bladder. (A) Small cell carcinoma of 
the urinary bladder is composed of small round or 
spindle-shaped cells in compact sheets. 

(B) Immunohistochemistry showed EGFR expression in a 
mixed membrane and cytoplasmic distribution. (C) FISH 
reveals a polysomy pattern. Green, centromere 7 signals; red, 
EGFR signals. 
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local radiation therapy. Respectively, one- and five-year 
cancer-specific survival among patients who underwent 
cystectomy was 57% and 16%, compared to 55% and 
18% among those who were not treated by cystectomy 
(Figs. 15-27 and 15-28). No significant survival difference 
was found between patients who underwent cystectomy 
and those not treated by cystectomy (P = 0.65). Simi- 
larly, chemotherapy and radiation therapy appear to be 
ineffective in significantly altering the clinical course.! 
In a study of 51 cases by Abrahams et al., > 41 cases 
with clinical and followup data were staged as follows: 
stage I in two (5%), stage II in 18 (44%), stage III in 10 
(24%), and stage IV in 11 (27%) patients. Two stage I 
patients were treated with transurethral resection. Among 
28 patients with surgical resectable disease, nine received 
preoperative chemotherapy, and 12 proceeded directly 
to cystectomy. Among 11 patients with metastases at 
initial presentation, nine received chemotherapy. Despite 
having metastatic disease at initial presentation, two 
patients received cystectomy after chemotherapy, with one 
patient alive and free of disease more than eight years 
following cystectomy. The overall median survival in their 
series was 23 months, and the survival rate was 40% at 
five years. The use of chemotherapy in the preoperative 
setting may have contributed to the relatively favorable 
survival of their patients. In a study of 25 cases, Quek 
et al. demonstrated that patients receiving multimodality 
therapy had significantly better overall survival than those 


100 


Survival (%) 


0 10 20 30 


treated with cystectomy alone.*4 In meta-analyses by other 
groups, cystectomy and chemotherapy appeared to confer 
a more favorable prognosis.!655 In the study of 44 cases 
by Choong et al., 12 (27.3%), 13 (29.6%), and 19 (43.2%) 
patients had stage II, IN, and IV disease, respectively, 
with five-year survival rates of 63.6%, 15.4%, and 10.5%. 
Overall median survival was 1.7 years.’ 

Various treatment strategies have been reported in the 
literature.'*+7! Current treatment of the disease has been 
influenced by the experience gained in the management of 
pulmonary small cell carcinoma. Overall survival is poor 
and local therapy is usually insufficient for cure. Radical 
surgery and chemoradiotherapy are currently the favored 
treatment options.!>:”8 Cytotoxic chemotherapy plays a 
major therapeutic role in the treatment of limited- and 
advanced-stage small cell carcinoma of the urinary bladder. 
Chemotherapy is usually combined with other therapeutic 
modalities, such as radiation therapy or surgical resection. 


Carcinoid Tumor 


The full spectrum of neuroendocrine tumors can involve 
the urinary bladder.**° Carcinoid tumor is morphologically 
and immunohistochemically similar to its counterpart in 
the lung or gastrointestinal tract. Less than two dozen 
cases of carcinoid tumors of the urinary bladder have been 
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Figure 15-27 Kaplan—Meier survival curves for 64 patients with small cell carcinoma of the urinary bladder stratified according 
to treatment with cystectomy. Solid black line: treatment without cystectomy; dashed red line: treatment with cystectomy. (From 


Ref. 1; with permission.) 
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Figure 15-28 Kaplan—Meier survival curves for 64 patients with small cell carcinoma of the urinary bladder stratified according 
to pathologic tumor classification. Solid black line: organ confined disease (T1 and T2); dashed red line: nonorgan confined 


disease (T3 and T4). (From Ref. 1; with permission.) 


reported.”>4!57-6+ The tumor usually occurs in elderly 
patients (mean age, 56 years; range, 29 to 75 years), with 
slight male predominance (male-to-female ratio, 1.8: 1). 
Hematuria is the most common clinical presentation, 
followed by irritative voiding symptoms. Association with 
carcinoid syndrome has not been reported. 

Bladder carcinoid is submucosal with a predilection for 
the trigone and ranges in size from 3 mm to 3 cm in the 
largest dimension. The tumor often presents as a polypoid 
lesion upon cystoscopic examination. Coexistence of car- 
cinoid with other urothelial neoplasms, such as inverted 
papilloma®! and adenocarcinoma,~’ has been reported. An 
association of bladder carcinoid and urothelial carcinoma 
has not been observed. Pathologists must bear in mind that 
urothelial high grade neuroendocrine carcinoma may also 
exhibit focal “carcinoid-like” morphology. 

An origin of primary bladder carcinoid from innate or 
metaplastic mucosal urothelial neuroendocrine cells has 
been proposed. It is well known that cells with neuroen- 
docrine features may be situated against the basement 
membrane of normal urothelium in the urethra, as well as 
in reactive lesions such as von Brunn nests and cystitis 
cystica/glandularis. Indeed, two cases of primary bladder 
carcinoid have developed in a background of proliferative 
cystitis.4! The prognosis of patients with carcinoid of the 
bladder is guarded. Approximately 25% of patients will 
have regional lymph node or distant metastasis, but the 
majority are cured by excision. 


Carcinoid of the bladder is morphologically similar to 
its counterpart in other organ sites. The tumor cells have 
abundant amphophilic cytoplasm and are arranged in an 
insular, acini, trabecular, or pseudoglandular pattern in a 
vascular stroma. An organoid growth pattern, resembling 
that seen in paraganglioma, can be seen. Tumor cell nuclei 
have finely stippled chromatin and inconspicuous nucleoli. 
Mitotic figures are infrequent. Tumor necrosis is absent. 

Differential diagnostic considerations include para- 
ganglioma, nested variant of urothelial carcinoma, and 
metastatic prostate carcinoma. Immunohistochemistry 
is helpful. Carcinoid tumors of the bladder typically 
exhibit strong, diffuse immunohistochemical staining for 
cytokeratins, NSE, chromogranin, Leu 7 (CD57), and 
synaptophysin. Rarely, TTF-1 staining can also be seen in 
carcinoid tumors. 


Large Cell Neuroendocrine Carcinoma 


The spectrum of neuroendocrine carcinomas of the uri- 
nary bladder may include rare examples of large cell 
neuroendocrine carcinomas, similar to the more common 
counterpart in the lung (Figs. 15-29 to 15-31).©-° The 
age at diagnosis ranges from 32 to 82 years of age. 
These tumors are either pure or can be associated with 
other components, such as typical urothelial carcinoma, 
squamous cell carcinoma, adenocarcinoma, or sarcomatoid 
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Figure 15-29 Large cell neuroendocrine carcinoma (A to C). 
Immunostaining for chromogranin A is strongly positive (C). 


carcinoma. Immunohistochemically, the tumor cells 
frequently show immunoreactivity to chromogranin A, 
CD56, NSE, and synaptophysin. In addition to neuroen- 
docrine markers, the tumor cells typically show positive 
immunostaining for cytokeratins CAM5.2 and AE1/AE3 
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Figure 15-30 Large cell neuroendocrine carcinoma (A to C). 
Immunostaining for chromogranin A is strongly positive (C). 


and for EMA, and may show focal positivity for vimentin. 
In situ hybridization for the detection of Epstein-Barr 
virus in one reported case was negative. These tumors are 
aggressive and tend to metastasize systemically despite 
aggressive adjuvant therapy. Metastasis from a lung 
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Figure 15-31 Large cell neuroendocrine carcinoma. Note 
the numerous mitotic figures. 


primary should be considered before diagnosing a primary 
bladder large cell neuroendocrine carcinoma. 


Primitive Neuroectodermal Tumors 


There are rare case reports of primitive neuroectodermal 
tumor (PNET) occurring in the urinary bladder. Patients 
have ranged in age from 15 to 81 years, with a mean age of 
43 years. Presenting symptoms have included frequency, 
dysuria, hematuria, lymphedema of the lower extremities, 
fatigue, and urge incontinence.” This tumor is highly 
malignant, demonstrating rapid growth. It often shows evi- 
dence of extension outside the confines of the bladder at 
the time of diagnosis. Despite this, two patients with this 
tumor have reportedly been free of disease at 18 months and 
three years of followup, respectively." A patient treated 
with imatinib following systemic chemotherapy and radical 
surgery remains alive after fours years of followup.” 

Histologically, PNET is a highly cellular small round 
blue cell tumor usually showing numerous mitotic figures 
(10 to 30 per 10 high power field), rosette-like structures 
(Homer-—Wright rosette), and areas of necrosis. Tumor cells 
are arranged in lobular sheets surrounded by fibrovascular 
stroma; tumor cells are monotonously uniform, with scant 
basophilic cytoplasm (Figs. 15-32 and 15-33). Tumor cell 
nuclei have finely dispersed chromatin; nucleoli are absent 
or inconspicuous. Some tumor cells demonstrate periodic 
acid—Schiff (PAS)-positive cytoplasmic granules. A few 
reticulin fibers may be identified between cells. 

PNET is closely related to Ewing sarcoma (EWS), 
sharing the same chromosomal abnormality: t(11;22) 
(q12; q24), or a fusion of the EWS gene (22q12) with 
a member of a family of transcription factors, usually 
FLI-1 gene (11q24).® Lopez-Beltran et al. performed 


Figure 15-32 Primitive neuroectodermal tumor (PNET) (A to 
C). The urothelium is focally denuded. Note the presence of 
rosette-like structures (B). Immunostaining for chromogranin 
A is strongly positive (C). 
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Figure 15-33 Primitive neuroectodermal tumor (PNET). 


molecular analysis with reverse transcriptase—polymerase 
chain reaction (RT-PCR) on a primary PNET of the 
bladder and demonstrated a type 2 EWS/FLI-1 fusion 
transcript, which has been associated with an unfavorable 
prognosis in such tumors. In contrast, this same tumor, 
by comparative genomic hybridization (CGH) analysis, 
showed a genetically balanced tumor without secondary 
chromosomal changes, a finding that has been associated 
with a favorable prognosis in these tumors. FISH analysis 
performed on this tumor showed that most tumor inter- 
phase nuclei showed a pattern indicative of rearrangement 
of one copy of the EWS gene. Kruger et al. carried out 
a similar molecular cytogenetic analysis of PNET primary 
in the urinary bladder using CGH. Analysis revealed 
gains of chromosomes 3p, 6, 8q, 12p, 17q, and 21q. No 
chromosomal losses were identified. The imbalances of 3p 
and 6 observed have also been reported in single cases of 
PNET and Ewing sarcoma arising in other locations.” 
Immunohistochemical staining helps in the identification 
of PNETs, most of which demonstrate strong immuno- 
staining for CD99, positive immunostaining for vimentin, 
and membranous immunostaining for CD117 (Table 15-2). 
Focal immunostaining for cytokeratin is seen in up to 
57% of cases, as well as focal immunoreactivity for S100 
protein.’ Kruger reported strongly positive immunos- 
taining for NSE.’”? PNET shows no immunoreactivity to 


antibodies against w-smooth muscle actin, chromogranin, 
desmin, EMA, myoglobin, synaptophysin, chromogranin, 
or leukocyte common antigen.°7° 

The differential diagnosis includes other small round 
blue cell tumors such as small cell carcinoma, lymphoma, 
and rhabdomyosarcoma. Primitive neuroectodermal tumors 
occasionally stain with chromogranin and synaptophysin, 
and small cell carcinomas are often cytokeratin positive. In 
this setting, ultrastructural or genetic studies may be help- 
ful. Lack of staining with lymphoid and muscle markers 
virtually excludes hematolymphoid malignancy and rhab- 
domyosarcoma, respectively. Rhabdomyosarcoma typically 
shows diffuse infiltration of small blue round cells with 
scant cytoplasm. In the sarcoma botryoides type, the cells 
are scattered in a loose myxoid stroma with condensation 
of rhabdomyoblasts beneath the urothelium, creating a cam- 
bium layer. 


Malignant Peripheral Nerve Sheath Tumor 


Malignant peripheral nerve sheath tumor (MPNST) is 
rare in the urinary bladder. Only a few cases have been 
documented, predominantly in patients less than 40 years 
old.’'~7> Some have arisen in the setting of neurofibro- 
matosis type 1, possibly originating in neurofibromas 
of autonomic nerve plexuses in the bladder wall. It is 
typically a highly malignant and rapidly growing tumor. 
Patients present with hematuria, and a suprapubic mass is 
sometimes noted.’” The lesion has been seen arising from 
the trigone, as well as from the lateral and posterior walls 
of the bladder. It may form multiple large nodules with 
surface ulceration and areas of necrosis. The tumor may 
infiltrate the entire thickness of the bladder wall, involving 
perivesical soft tissues or pelvic peritoneum. Distant 
metastases may be present at diagnosis. Prognosis is 
generally poor with local recurrence or distant metastases 
often evident within 2 months of initial surgical resection. 

MPNST is a poorly differentiated tumor that grows in 
sheets and nodules consisting of interlacing fascicles of 
malignant spindle cells.”! The tumor cells are pleomor- 
phic, with variable amounts of eosinophilic cytoplasm.’ 
Most have a single nucleus, but multinucleated tumor cells 


Table 15-2 Selected Immunohistochemical Profiles of Small Round Blue Cell Tumors of the Urinary Bladder? 


Small Round Blue Cell Tumors LCA CD99 
PNET = + 
Small cell carcinoma = = 
Lymphoma ap Variable + 
Rhabdomyosarcoma = = 


NE Markers CD117 CK AE1/AE3 SMA/Desmin 
Variable + + Variable + — 

+ — Variable + — 

- - - + 


PNET, primitive neuroectodermal tumor; LCA, leukocyte common antigen; NE, neuroendocrine markers (chromogranin A, synaptophysin, and 


neuron-specific enolase); CK, cytokeratin; SMA, smooth muscle actin. 
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may be present. Nuclei are round to oval with prominent 
irregular eosinophilic nucleoli, or elongated and tapered 
with marked atypia. Mitotic activity may be moderate. An 
extensive infiltrate of acute and chronic inflammatory cells, 
including eosinophils, may be present. An epithelioid vari- 
ant as well as a variant with rhabdomyoblastic differentia- 
tion (malignant triton tumor) have been described.’ 

Immunohistochemical stains can help with the iden- 
tification of this tumor, which typically shows positive 
immunostaining for S100 protein and vimentin, and focally 
positive staining for NSE. It usually does not stain for 
EMA, AE1/AE3, muscle-specific actin, desmin, myo- 
globin, cytokeratin, chromogranin, or neurofilament.” !7? 
In one case, rhabdomyoblastic differentiation with focal 
immunostaining for myoglobin was identified in a tumor 
that arose in an infant with neurofibromatosis type 1.” 

The differential diagnosis of this tumor includes epithe- 
lioid sarcoma, undifferentiated carcinoma, melanoma, 
epithelioid angiosarcoma, rhabdoid tumor, sarcomatoid 
carcinoma, epithelioid leiomyosarcoma, and rhab- 
domyosarcoma. Immunoreactivity to HMB45, Melan A, 
or strong diffuse S100 protein immunoreactivity would 
favor melanoma. Carcinosarcoma would show evidence 
of epithelial differentiation with immunoreactivity for 
cytokeratins and EMA. Unlike epithelioid sarcoma, tumor 
cells of MPNST are immunoreactive for S100 protein, 
focally immunoreactive for NSE, and are not immunore- 
active for EMA or cytokeratins. Immunohistochemistry 
can also be used to help rule out endothelial, muscular, 
and neuroendocrine differentiation as well as anaplastic 
lymphoma. 


Paraganglioma 


Primary paraganglioma of the bladder occurs infrequently 
(Figs. 15-34 to 15-38). The largest series, which included 
16 patients followed for a mean of 6.3 years, was reported 
by Cheng et al.”* Females are more likely to develop blad- 
der paraganglioma, male-to-female ratio is 1:3. The tumor 
tends to occur in young patients (mean, 45 years) and 
symptoms are present in over 80% of cases. Presenting 
symptoms include hematuria, hypertension which may be 
exacerbated during voiding, and other symptoms of cate- 
cholamine excess.’>~° At cystoscopic examination, small 
(<3 cm), dome-shaped nodules covered by normal mucosa 
are found in the trigone, dome, or lateral wall. 

In contrast to extraadrenal paragangliomas at other sites, 
of which approximately 10% exhibits malignant behavior, 
the frequency of malignancy in bladder paragangliomas 
is about 20%.’* No reliable histologic criteria exist to 
distinguish malignant from benign neoplasms.8°83.94+96-98 


Figure 15-34 Paraganglioma of the bladder, gross appear- 
ance. (From Ref. 74; with permission.) 


Figure 15-35 Paraganglioma (A and B). 


The findings of nuclear pleomorphism, mitotic figures, and 
necrosis are not a reliable predictor of clinical outcome 
in patients with paraganglioma of the urinary bladder.’°? 
Malignancy in these tumors can only be confirmed by the 
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Figure 15-36 Paraganglioma (A and B). Figure 15-37 Paraganglioma (A and B). Discrete nests of 
tumor cells are typical (A), although other patterns, including 
spindle cell pattern (B) may be encountered. 
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occurrence of regional or distant metastases. No metastases 
or tumor recurrences have been observed in patients whose 
tumors were confined within the bladder wall.”4 

Bladder paraganglioma is morphologically similar to 
its counterparts in other body sites; most are covered by 
normal urothelium.’4 The tumor consists of round or 
polygonal epithelioid cells with abundant eosinophilic or 
granular cytoplasm. Tumor cell nuclei are centrally located 
and are vesicular with finely granular chromatin. The cells 
are arranged in discrete nests (Zellballen pattern), with 
intervening vascular septa. Sustentacular cells may be 
present. Mitotic figures, necrosis, and vascular invasion 
are usually absent.”* 

Paraganglioma typically demonstrates immunoreactivity 
with neuroendocrine markers such as chromogranin, 
synaptophysin, and NSE (Fig. 15-39).”4 The sustentacular 


he 


cells exhibit immunostaining for S100 protein. Tumor cells LA e A 


are often immunoreactive for vimentin, but usually show 
no immunoreactivity for CK7, CK20, or pancytokeratin 
AE1/AE3.’’ 
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Figure 15-39 Paraganglioma (A-D). Immunostaining for chromogranin A is strongly positive (C). S100 protein staining highlights 


the sustentacular cells (D). 


The differential diagnosis for this tumor includes 
granular cell tumor, nested variant of urothelial carcinoma, 
prostatic adenocarcinoma, metastatic large cell neuroen- 
docrine carcinoma, and malignant melanoma.”4!00-!04 
Granular cell tumor has abundant eosinophilic granular 
cytoplasm, shows strongly positive immunostaining for 
$100 protein, and lacks the Zellballen growth pattern, the 
fine vascular stroma, chromogranin immunoreactivity, and 
sustentacular cell S100 protein immunostaining.!°°~! 
The nested variant of urothelial carcinoma also lacks a fine 
vascular network and is immunohistochemically negative 
for S100 protein and chromogranin. Metastatic large cell 
neuroendocrine carcinoma is characterized by necrosis, 
abundant mitotic activity, and cellular anaplasia. While it 
is immunoreactive for neuroendocrine markers similar to 
paraganglioma, it is also immunoreactive for cytokeratin 
and negative for sustentacular cell S100 protein immunore- 
activity. Clinical history is important in differentiating 
paraganglioma from metastatic carcinoid. Carcinoid tumor 


is negative for sustentacular cell $100 protein immunore- 
activity. Malignant melanoma must be considered in the 
differential diagnosis since paraganglioma may contain 
melanin pigment. 

The origin of paraganglioma of the bladder is uncertain. 
It is thought to arise from embryonic rests of chromaffin 
cells in the sympathetic plexus of the detrusor muscle.”* It 
is postulated that small nests of paraganglionic tissue may 
persist along the aortic axis and in the pelvic regions, and 
these remnants of paraganglionic tissue may migrate into 
the urinary bladder wall during fetal development.!!9-!!? In 
an autopsy study of 409 patients, Honma identified para- 
ganglia of the urinary bladder in 52% of the cases examined 
and found that paraganglia were present throughout differ- 
ent layers of the bladder wall, with a predilection for the 
anterior and posterior walls.!!4 The trigone of the bladder 
was the least common location of paraganglia.!'* In Cheng 
et al.’s study, the majority of tumors (94%) involved the 
muscularis propria of the bladder wall, with a predilection 
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for the posterior and lateral walls.’* A significant num- 
ber of patients (37%) also had extravesical extension or 
pelvic involvement. These findings support the hypothesis 
that paraganglioma of the bladder originates from paragan- 
glionic cells that migrated into the bladder wall.'!° The high 
prevalence of paraganglionic cells within the muscular wall 
(63% of all paraganglia of the bladder)! '* is consistent with 
the frequent occurrence of paraganglioma in this location. 

Genomic analyses have identified germline mutations 
responsible for sporadic as well as familial paraganglioma 
syndromes.””:!!5-!?!_ The susceptibility genes include 
SDHB, SDHC, and SDHD. Succinate dehydrogenase 
(SDH), which consists of four polypeptides [SDHA, 
SDHB (1p36), SDHC (1q21), and SDHD (11q23)], is 
the major mitochondrial enzyme linking the aerobic 
respiratory chain and the Krebs cycle, which oxidizes 
succinate to fumarate.°?!!© The SDH genes are tumor sup- 
pressor genes, the inactivation of which is involved in the 
hypoxia—angiogenic pathway, activating the transcription 
factor hypoxia—inducible factor (HIF).°? Nonsense and 
missense mutations, insertions, and small and large dele- 
tions have been reported in the SDH genes of patients with 
pheochromocytoma or paraganglioma. These mutations 
are generally seen in younger patients. SDHD mutations 
have been identified in patients with pheochromocytoma 
or functional paraganglioma. Patients with these mutations 
usually have a paternal family history of disease due to 
maternal imprinting. SDHB gene mutations are usually 
associated with abdominal paragangliomas and are often 
identified in patients with no family history of the disease. 
The SDHB gene mutation is associated with a high risk of 
malignancy.” 

HIF dysregulation is also linked to inactivation of 
the VHL tumor suppressor gene located on chromosome 
3p25—26, which is seen in von Hippel—Lindau disease. 
Pheochromocytomas or paragangliomas may be seen in 
this disease.!?? Other autosomally dominant diseases asso- 
ciated with pheochromocytomas/paragangliomas include 
multiple endocrine neoplasia type 2 (due to mutation of 
the RET protooncogene) and neurofibromatosis type 1 
(NF1) (due to a mutation in NF/, a tumor suppressor 
gene). Genetic aberrations at other loci (2q and 16p) 
have also recently been found to be associated with 
familial pheochromocytoma. !? Similarly, Lemeta et al. 
found abnormalities in tumor suppressor genes located at 
6q23-—24 which may play a role in the tumorigenesis of 
pheochromocytomas.!*4 van Nederveen et al. evaluated 
14 benign and 17 malignant pheochromocytoma for 
phosphatase and tensin homologue (PTEN ) abnormalities 
and found LOH in 40% of malignant tumors and 14% 
of benign tumors, but no mutations of PTEN." They 
concluded that PTEN inactivation may play a minor role 
in the development of malignant pheochromocytomas. 
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Neurofibroma 


Neurofibroma is a rare benign neoplastic tumor of the 
nerve sheath, composed of Schwann cells, perineurium-like 
cells, fibroblasts, and intermediate-type cells (Figs. 15-40 
to 15-43).1? Although most occur in the setting of NFI, 
rare cases of isolated sporadic bladder neurofibroma have 
also been reported.!?’ Classically, neurofibromas of the 
urinary bladder occur in young patients with a slight male 
predominance.!78 In a recent series of four patients with 
bladder neurofibroma, the average age at diagnosis was 17 
years; male-to-female ratio was 1:1. All patients had NF1. 
Presenting symptoms included hematuria, irritative voiding 
symptoms, and symptoms related to pelvic mass effect. !?6 

The histologic findings in neurofibroma are the same 
regardless of site of occurrence. Classically, neurofibroma 
is a hypocellular proliferation of spindle cells, loosely 


Figure 15-40 Neurofibroma of the bladder (A and B). Note 
the submucosal involvement (A). The cellularity is increased 
(B), which should not be mistaken for malignant 
transformation. 
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Figure 15-41 Neurofibroma of the bladder (A and B). The 
tumor displays diffuse and plexiform growth. 


arranged into fascicles with scattered “shredded carrot” 
bundles of collagen. Individual cells have wavy, bland 
nuclei. In the series of Cheng et al., three of four were trans- 
mural with both diffuse and plexiform growth patterns.!7° 
Another case had diffuse submucosal involvement with 
subepithelial pseudomeissnerian corpuscle formation on 
biopsy examination. Areas of diffuse involvement were 
hypocellular with small to medium-sized spindle cells 
having ovoid to elongate nuclei in a collagenized matrix. 
A few mast cells were present. Immunohistochemical 
staining was positive in all cases for S100 protein as well 
as type IV collagen. Three were reactive for neurofilament 
protein in axons. All were negative for EMA, cytokeratins 
CAM5.2 and AE1/AE3, and p53 protein.!”° Recently, two 
neurofibromas have been found not to express ALK-1 
protein. !79 

The differential diagnosis of bladder neurofibroma 
includes other spindle cell tumors, such as leiomyoma, 
postoperative spindle cell nodule, inflammatory myofibro- 
blastic tumor, low grade leiomyosarcoma, MPNST, and 
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prominent superficial bandlike subepithelial 
pseudomeissnerian corpuscles; pseudomeissnerian corpuscles 
are positive for S100 protein (not shown). 


Figure 15-43 Neurofibroma of the bladder with ganglion 
cell involvement (A and B). 


rhabdomyosarcoma. Immunohistochemistry is useful in 
differentiating these tumors. Atypical neurofibromas may 
have nuclear atypia; however, they lack mitotic figures, 
a feature that distinguishes them from MPNST. Cellular 
neurofibroma differs from MPNST by being composed of 
smaller cells, and by its lack of mitotic figures, cellular 
atypia, nuclear pleomorphism, and necrosis. Unfortunately, 
neurofibromas in adults are occasionally associated with 
the development of MPNST, sometimes multifocally”!; 
therefore, adequate sampling is imperative. !7° 

The treatment of choice for bladder neurofibroma is 
unresolved. Symptomatic patients usually require surgery, 
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sometimes extensive. Continued surveillance for malignant 
transformation is required. Long-term sequelae include 
bladder atony, neurogenic bladder, and recurrent urinary 
tract infection.!7° 


Schwannoma 


Schwannoma of the urinary bladder is derived from 
Schwann cells in nerve sheaths. It occurs in both men and 
women and is often associated with von Recklinghausen 
disease.'*° The age at presentation ranges from the fourth 
to sixth decades.!3%!31 The presenting symptoms include 
bladder pressure, suprapubic pain, back pain, urgency, 
and frequency. No recurrences have been reported during 
followup periods of one to three years after surgical 
resection, 130-131 

Grossly, the tumor appears as a circumscribed mass, 
often arising from the lateral wall, beneath a normal 
mucosa. It may or may not extend into the perivesical 
fat. Schwannoma consists of spindle cells with uniform 
round to oval nuclei arranged in a palisading or organoid 
pattern. There is no nuclear pleomorphism, and mitotic 
figures are infrequent.!°°'3! Tumor cells show positive 
immunostaining for S100 protein, NSE, and vimentin. 
Immunostains for myoglobin, factor VII, keratins, actin 
(HHF-35), and desmin are negative. 13013! 


Secondary Neuroendocrine Carcinoma 


A key differential diagnostic consideration is direct 
extension or metastasis from nonurothelial neuroendocrine 
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Sarcomatoid Carcinoma (Carcinosarcoma) 


Overview 


Uncommonly, bladder carcinomas exhibit the presence of 
malignant components that morphologically resemble var- 
ious types of sarcoma. Such tumors have been described 
under a variety of names, including sarcomatoid carcinoma, 
carcinosarcoma, malignant mixed mesodermal tumor, and 
spindle and giant cell carcinoma.'* The current recommen- 
dation by the World Health Organization (WHO) is to use 
the unifying term “sarcomatoid carcinoma” for all biphasic 
tumors with evidence of both epithelial and mesenchymal 
differentiation.* 

Tumors with composite carcinomatous and sarcomatous 
features have been characterized by a wide range of 
microscopic appearances. !:?4-33 The epithelial component, 
which may or may not be easily identifiable, may be 
invasive or in situ carcinoma. The epithelial component 
is most frequently identified as urothelial carcinoma, 
small cell carcinoma, squamous cell carcinoma, or 
adenocarcinoma, whereas the mesenchymal component 
ranges from an undifferentiated spindle cell malignancy to 
recognizable heterologous elements such as osteosarcoma, 
chondrosarcoma, rhabdomyosarcoma, and leiomyosar- 
coma. The spindle cell component often has marked 
nuclear pleomorphism and hyperchromasia. Some of these 
tumors are composed only of sarcomatoid spindle cells 
and malignant giant cells, and the presence of epithelial 
differentiation is only appreciated after the performance of 
immunohistochemical studies. The spindle cell component 
may appear undifferentiated or may show one or more 
specific lines of mesenchymal differentiation, such as 
chondroid or leiomyomatous differentiation. The presence 
of specific types of apparent differentiation of the spindle 
cell component does not influence the prognosis. These 
tumors are usually high grade, biologically aggressive, and 
associated with a poor prognosis.!° 

Although the exact histogenesis of sarcomatoid carci- 
noma has not been elucidated, two primary theories have 
been proposed.!?43435 The monoclonal theory proposes 
that sarcomatoid carcinoma arises from a single, pluripo- 
tential stem cell with divergent differentiation. In contrast, 
the multiclonal theory suggests that sarcomatoid carcinoma 
represents a collision tumor composed of the epithelial and 
mesenchymal derivatives of two different stem cells.?°7/ 
Recent molecular studies strongly argue for the monoclonal 
origin of this tumor.*8-!! Evidence accumulates that sar- 
comatoid carcinoma represents the final common pathway 
of dedifferentiation for all forms of epithelial bladder 
tumors. ! 


356 


Definition and Terminology 


The term “sarcomatoid carcinoma” applies when a 
malignant neoplasm exhibits morphologic or immunohis- 
tochemical evidence of both epithelial and mesenchymal 
differentiation. These tumors usually have readily iden- 
tifiable malignant epithelial cells and may contain an 
admixed component resembling various types of sarcoma. 
There is considerable confusion and disagreement in the 
literature regarding nomenclature and histogenesis of these 
tumors. Various terms have been used for these neo- 
plasms, including carcinosarcoma, sarcomatoid carcinoma, 
pseudosarcomatous transitional cell carcinoma, malignant 
mesodermal mixed tumor, spindle cell carcinoma, giant 
cell carcinoma, and malignant teratoma.!2:273! In some 
reports, both carcinosarcoma and sarcomatoid carcinoma 
are included under the term “sarcomatoid carcinoma.” 
In others, they are regarded as separate entities. Histor- 
ically, “sarcomatoid carcinoma” referred to tumors with 
a mesenchyme-like spindle cell component that retained 
expression of epithelial markers. The term “carcinosar- 
coma” was applied to tumors with heterologous elements, 
or those lacking demonstrable immunohistochemical or 
ultrastructural evidence of epithelial differentiation in 
the mesenchymal component. Pathologists have largely 
discarded the notion of distinguishing between the two 
tumor types, since both are rapidly growing polypoid 
neoplasms that present at an advanced stage, confer a 
similar poor prognosis, and affect patients with similar 
risk factors. The overlap in clinical and molecular features 
suggests that these two entities are variations of the same 
neoplastic transformation process, and both are considered 
sarcomatoid carcinoma with varying degrees of divergent 
differentiation! 

We prefer to use the term “sarcomatoid carcinoma” 
for the majority of cases in which there is a spindle 
cell component with positive cytokeratin and vimentin 
staining. Some may use the term “carcinosarcoma” for 
cases with identifiable heterologous elements on hema- 
toxylin and eosin-stained sections or positive staining 
for markers of specific mesenchymal differentiation. 
Both diagnostic categories appear to be variations of 
the same neoplastic transformation process and have the 
same clinical features and prognosis. The most appro- 
priate term for all of these neoplasms is “sarcomatoid 
carcinoma.!” “Sarcomatoid carcinoma” is the umbrella 
term that most appropriately describes all of these 
biphasic neoplasms as well as monophasic spindle cell 
carcinoma,*°-*8 


Clinical Presentation 


Sarcomatoid carcinoma of the urinary bladder represents 
approximately 0.3% of all histological types of bladder car- 
cinoma and predominantly affects older adults and elderly, 
with a predilection for males. The mean age at the diagnosis 
is 66 years. The male-to-female ratio is 3: 1. 

Sarcomatoid carcinoma of the bladder most commonly 
causes gross hematuria and, less commonly, is associated 
with dysuria, pollakiuria, acute urinary retention, lower 
abdominal pain, or urinary tract infection.5™!325-27.31 
Cystoscopy reveals broad-based and often polypoid 
masses with ulcerated and hemorrhagic surfaces. Imaging 
via computerized tomography and magnetic resonance 
demonstrates that the broad-based masses usually extend 
into or beyond the muscularis propria. 

The exact etiology is uncertain. A history of radiation 
therapy or cyclophosphamide therapy, two well-established 
risk factors for bladder cancer, has been reported in bladder 
sarcomatoid carcinoma. !532-38-40 Nonetheless, such cases, 
apparently induced by radiation or cyclophosphamide 
exposure, represent only a small fraction of all bladder 
cancers. Previous treatment with cyclophosphamide and 
radiation therapy may result in transformation of conven- 
tional urothelial carcinoma into sarcomatoid carcinoma.*! 
The interval between radiation therapy and cancer develop- 
ment is long, often more than 10 years. Tobacco smoking, 
another important risk factor for bladder cancer, was 
noted in five out of eight cases of bladder sarcomatoid 
carcinoma.”’ Other commonly reported antecedents include 
previous urothelial carcinoma, recurrent cystitis, diabetes, 
neurogenic bladder, and bladder diverticulum.>7?~>! 


Pathology 


Sarcomatoid carcinoma can present at any site of urothe- 
lial epithelium along the urinary tract, including the pelvis, 
ureters, bladder, and prostatic urethra. Despite this, it is 
exceedingly rare in those locations outside the bladder.*”*4 
It is most frequently found on the lateral walls of the blad- 
der, followed by the dome, trigone, anterior and posterior 
walls, and even diverticula and prostatic urethra.!33944 The 
tumors are usually described as polypoid masses, peduncu- 
lated or broadly based, projecting into the lumen of the 
bladder. Occasionally, they may be sessile or intramural. 
Edema, hemorrhage, and necrosis are often present. Most 
tumors extend into or beyond the muscularis propria of the 
bladder. On gross examination, sarcomatoid carcinoma is 
characteristically “sarcoma-like,” with a dull gray, fleshy 
cut surface, infiltrative margins, and foci of hemorrhage, 
necrosis, and cysts (Figs. 16-1 and 16-2). 


Sarcomatoid Carcinoma (Carcinosarcoma) 


Figure 16-1 Sarcomatoid carcinoma. Gross (A) and 
microscopic (B) appearance. 


Sarcomatoid carcinoma is a biphasic tumor with 
morphological and immunohistochemical evidence of both 
epithelial and mesenchymal differentiation (Figs. 16-2 and 
16-3). Frequently, sarcomatoid carcinoma of the bladder 
may have an appearance similar to that of spindle cell 
tumors, but an epithelial component may be identifiable, 
or the true nature of the tumor may be revealed by its 
strong immunoreactivity to epithelial markers such as 
cytokeratin and/or epithelial membrane antigen (EMA). 
The carcinomatous and sarcomatous elements may exhibit 
an abrupt transition resembling a collision tumor, or 
a gradual transition with an intimate admixture at the 
interface (Figs. 16-4 to 16-6). The relative proportion of 
carcinomatous and sarcomatous components is variable, 
yet the sarcomatous component occupies more than 50% 
of the tumor area in most cases.!? Monophasic sarcomatoid 
carcinoma, referred to as “pure spindle cell carcinoma,” 
represents approximately 20% of cases, and is distinguish- 
able from true sarcoma only by epithelial differentiation 
on immunohistochemistry or electron microscopy. 
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Figure 16-2 Sarcomatoid carcinoma of the urinary bladder. (A) The tumor has a bulky, polypoid appearance (gross). (B) The 
typical appearance of sarcomatoid carcinoma is that of a malignant spindle cell lesion. (C) Immunostaining of the tumor shown in 
(B) with antibodies against cytokeratin AE1/AE3 highlights the spindled and pleomorphic cells, supporting a diagnosis of 
sarcomatoid carcinoma, rather than undifferentiated sarcoma. (D) Anaplastic, pleomorphic giant cells are present. (From Ref. 1; 
with permission.) 
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Figure 16-3 Sarcomatoid carcinoma (A and B). The tumor is composed of solid sheets and poorly formed fascicles of 
predominantly spindled neoplastic cells with marked cellular pleomorphism. 


Sarcomatoid Carcinoma (Carcinosarcoma) 


Figure 16-4 Sarcomatoid carcinoma. Note the abrupt 
transition between sarcomatoid carcinoma and urothelial 
carcinoma. 


Figure 16-5 Sarcomatoid carcinoma. Note the abrupt 
transition between sarcomatoid carcinoma and urothelial 
carcinoma. 


Figure 16-6 Sarcomatoid carcinoma. Note the abrupt 
transition between sarcomatoid carcinoma and squamous cell 
carcinoma. 


The epithelial and mesenchymal components demon- 
strate phenotypic variability. In the majority of cases 
reported, the epithelial component is comprised of 
moderately to poorly differentiated high grade invasive 
urothelial carcinoma (Figs. 16-7 and 16-8).°!3 These 
generally contain brisk (atypical) mitoses and necrosis. 
While the tumor cells are most frequently spindle shaped, 
occasionally they tend to be more rounded and epithe- 
lioid. Noninvasive papillary urothelial carcinoma and flat 
carcinoma in situ have been identified in multiple cases, 
and occasionally, carcinoma in situ is the only epithelial 
entity (approximately 30% of cases).?”4© Squamous cell 
carcinoma, adenocarcinoma, and large and small cell 
carcinoma are other types of epithelial differentiation 
frequently described as foci or prominent components of 
these tumors (Fig. 16-9). 

It is of primary importance to avoid mistaking sarco- 
matoid carcinoma for a benign entity, or vice versa, yet 
this can be rather challenging. Sarcomatoid carcinoma of 
the urinary bladder is usually biphasic, composed of both 
epithelial and mesenchymal elements. In cases composed 
exclusively of spindle cells, the main differential diagnos- 
tic consideration is sarcoma, particularly leiomyosarcoma 
(see the discussion below). A small subset of sarcomatoid 
carcinomas have prominent myxoid or sclerotic foci with 
widely dispersed cells, mild atypia, and infrequent mitoses 
that must not be confused with inflammatory myofibroblas- 
tic tumor (Figs. 16-10 to 16-12). 

Various heterologous components, such as osteosarcoma, 
chondrosarcoma, rhabdomyosarcoma, leiomyosarcoma, 
liposarcoma, angiosarcoma, fibrosarcoma, malignant 
fibrous histiocytoma, or a mixture of sarcoma histologies 
may be seen (Figs. 16-13 to 16-17). The spindle cells 
may be closely packed or loosely arranged in a diffuse 
or streaming pattern, and in some cases, the malignant 
cells may be more rounded or epithelioid in appearance. 
Some tumors have prominent giant cells (Fig. 16-18) 
or inflammatory cells.'* Cytologically, the malignant 
mesenchyme-like cells exhibit pleomorphic and hyper- 
chromatic nuclei, prominent nucleoli, high mitotic activity, 
and atypical mitotic figures. The presence of the various 
components should be mentioned in the final pathological 
report, although the presence or absence and specific types 
of heterologous components do not have proven clinical 
impact on prognosis. 

Sarcomatoid carcinoma is always a high grade carci- 
noma (1973 WHO grade 3) and typically presents at a high 
pathologic stage.2?7° In a detailed analysis of 26 sarco- 
matoid carcinomas from the Mayo Clinic, only one (4%) 
presented with a pT2 tumor and the remaining 96% cases 
were pT3/4 cancers.> 
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Figure 16-7 Sarcomatoid carcinoma of the bladder. The tumor displays typical biphasic growth pattern. (A) Panoramic view of 
the tumor. (B) Section from the tumor in (A) shows typical urothelial carcinoma on the left and sarcomatoid carcinoma on the 
right. (C) Higher power of sarcomatoid carcinoma in tumor shown in (A) and (B). (D) Higher power of high grade urothelial 
carcinoma in tumor shown in (A) and (B). (From Ref. 1; with permission.) 


Ultrastructural Features 


On electron microscopy, sarcomatous tissue has features 
of both mesenchymal and epithelial differentiation. In 
an undifferentiated spindle cell component, the cells 
have well-developed endoplasmic reticulum resembling 
fibroblasts, with a surrounding matrix of collagen fibers 
and basement membrane material.!* In tumors with 
heterologous elements, cells may display varying degrees 
of specific mesenchymal differentiation, perhaps in inverse 
proportion to epithelial differentiation. For example, Perret 
et al. described two cases with elements reminiscent of 
rhabdomyosarcoma, in which one contained cells with 
well-developed sarcomeres and the other contained cells 
with rudimentary sarcomeres with abortive Z bands.” More 
important, all reported cases of sarcomatoid carcinoma, 
with ultrastructural characterization, have demonstrated 


cells with distinct epithelial features, such as desmosomes 
and tonofilaments, unexpected in true sarcomatous cells, 
arguing for their epithelial origin.!*7! 


Immunohistochemistry and Differential 
Diagnosis 


It may be rather difficult to distinguish sarcomatoid car- 
cinoma composed exclusively of spindle cells from other 
spindle-celled neoplasms. Their distinctions from sarco- 
matoid carcinoma are important, since these entities have 
differing prognostic as well as therapeutic implications.*°*7 
The primary differential diagnostic considerations include 
leiomyosarcoma, rhabdomyosarcoma, angiosarcoma, 
malignant fibrous histiocytoma, inflammatory myofibro- 
blastic tumor (IMT), postoperative spindle cell nodule 
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Figure 16-8 Sarcomatoid carcinoma with coexisiting 
conventional urothelial carcinoma. Tumor displays 
conventional papillary urothelial on the right and invasive 
sarcomatoid tumor on the left (A). At higher magnification, the 
sarcomatoid component is composed of fascicles of 
pleomorphic spindled neoplastic cells (B), and the 
carcinomatous component consists of papillary fronds lined 
by multiple layers of fairly uniform urothelial cells (C). (From 
Ref. 4; with permission.) 


(PSCN), spindle cell malignant melanoma, urothelial 
carcinoma with pseudosarcomatous stroma, and urothe- 
lial carcinoma with osseous or cartilaginous metaplasia 
(Table 16-1).2!*5-* Accurate diagnosis is critical given 
the poor prognosis of sarcomatoid carcinoma in compari- 
son to conventional urothelial carcinoma or benign lesions 
and often requires utilization of immunohistochemical 
studies (see also Chapters 19 and 26). 

Sarcomatoid carcinoma is characterized by strong stain- 
ing with cytokeratins (AE1/AE3, CAM5.2) and/or EMA 
with coexpression of vimentin in the majority of cases 
(Fig. 16-19). In contrast to smooth muscle neoplasms, actin 
and desmin are typically negative. However, sarcomatoid 
carcinomas with heterologous differentiation may rarely 
be encountered, and in this situation, expression of other 
mesenchymal markers, such as actin, desmin, and/or S100 
protein, may be observed.*! EMA positivity has been 
reported in sarcomatoid carcinoma.*~> Lopez-Beltran 
et al. found cytoplasmic immunoreactivity for AE1/AE3, 
CAMS.2, and vimentin in 41 cases or carcinosarcoma and 
sarcomatoid carcinoma of the bladder, at least focally.> 
Five tumors with a leiomyosarcomatous component, identi- 
fied as a specific type of mesenchymal differentiation, were 
immunoreactive for muscle-specific actin in their series. 
One tumor, with a rhabdomyosarcoma component, was 
immunoreactive for desmin and three others, with a chon- 
drosarcoma component, were immunoreactive for S100 
protein. 

Sarcomatoid carcinoma with prominent myxoid and 
sclerosing stroma may be mistaken for IMT, postoperative 
spindle cell nodule, or urothelial carcinoma with pseudosar- 
comatous stroma.™!®!415 The presence of slit-like vessels 
and the absence of atypical mitotic figures, necrosis, and 
significant cytologic atypia favor the diagnosis of benign 
lesion. 

It is noteworthy that IMTs can have considerable 
morphologic overlap with sarcomatoid carcinoma and 
leiomyosarcoma, two more ominous lesions, given their 
tendency toward some more aggressive features on 
gross and histological examination.*°-47°° IMTs are 
benign mesenchymal neoplasms composed of a somewhat 
monotonous proliferation of myofibroblastic cells in a 
richly vascularized background with a lymphovascular 
infiltrate. They may arise either spontaneously or as a 
result of instrumentation of the bladder. IMTs may contain 
atypical spindle cells with occasional mitotic figures; 
however, overt malignant features such as atypical mitoses 
are absent. Chronic inflammation, usually in the form of 
a lymphoplasmacytic infiltrate, is typically present. Coffin 
et al. described three identifiable histologic patterns, includ- 
ing a nodular fasciitis-like pattern with myxoid, vascular, 
and inflammatory areas; a fibrous histiocytoma-like pattern 
with compact spindle cells and scattered lymphocytes, 
plasma cells, and eosinophils; and a scar or desmoid-like 
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Figure 16-9 Sarcomatoid carcinoma with coexisting urothelial carcinoma (A), squamous cell carcinoma (B), adenocarcinoma 


(C), and small cell carcinoma (D). 


pattern with dense collagen deposition.*! Immunostaining 
can be helpful in difficult cases. Most notably, anaplastic 
lymphoma kinase (ALK) protein, which is associated with 
the characteristic alteration involving the ALK gene by 
t(2;5), was shown to be overexpressed in 40% to 75% of 
IMTs but not in sarcomatoid carcinomas.5?-56 

Several large series studies have suggested several 
markers with certain limitations and caveats.!3°35798 
Epithelial markers especially cytokeratins can be strongly 
positive in both sarcomatoid carcinoma and IMTs.*? In 
some cases, cytokeratin AE1/AE3 staining was focal 
in sarcomatoid carcinoma, requiring the use of a panel 
of cytokeratin markers to demonstrate epithelial differ- 
entiation. Such a panel might include cytokeratin 5/6 
(CK5/6), high molecular weight cytokeratin 348E12, 
and p63. p63 is positive in approximately 70% of sar- 
comatoid carcinomas and thus may be helpful in the 
differential diagnosis (Fig. 16-20). CK5/6 and high 
molecular weight cytokeratin (348E12) show relative 


specificity in sarcomatoid carcinomas, which may be 
helpful in distinguishing it from IMT and leiomyosar- 
coma. One should keep in mind that leiomyosarcoma 
may show focal cytokeratin positivity as well. How- 
ever, leiomyosarcoma is additionally immunoreactive 
for SMA and desmin, which are absent in sarcomatoid 
carcinoma. 

PSCN is a benign spindle cell lesion of the blad- 
der, derived from myofibroblast. PSCN is preceded 
by a traumatic event, such as surgery or instrumenta- 
tion, and tends to occur in a slightly older age group. 
The lesions are usually highly vascular with slit-like 
vessels and prominent infiltrates of lymphocytes and 
neutrophils. Superficial ulceration is common. These 
reactive lesions do not show atypical mitoses or severe 
cytologic atypia, characteristic of the aforementioned 
malignancies. 

It may be rather difficult to distinguish sarcomatoid car- 
cinoma from true sarcoma when it appears as an exclusive 
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Figure 16-10 Sarcomatoid carcinoma, myxoid variant. The 
tumor is composed of malignant spindle cells diffusely 
arrayed in a myxoid stroma. 
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Figure 16-12 Sarcomatoid carcinoma, myxoid variant 
(A to C). 


Figure 16-11 Sarcomatoid carcinoma, myxoid variant 
(A and B). 
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Figure 16-13 Sarcomatoid carcinoma with heterologous element (osteosarcoma) (A to D). 


spindle cell malignancy. However, differentiation of sarco- 
matoid carcinomas from these spindle cell lesions is impor- 
tant, as they have differing prognostic as well as ther- 
apeutic implications.~*7 Apart from clinicopathological 
characteristics, pure sarcomas usually do not exhibit epithe- 
lial markers on immunohistochemistry or desmosomes and 
tonofilaments on electron microscopy. Vimentin positivity, 
which is characteristic of sarcomas, is almost uniform in 
sarcomatoid carcinoma and is not useful in distinguishing 
the two entities. 

The most frequently seen primary sarcoma of bladder is 
leiomyosarcoma.>? It, along with sarcomatoid carcinoma, 
has been associated with cyclophosphamide therapy. 
These tend to occur 5 to 20 years after exposure to the 
drug.©-*! Therefore, patient history of cyclophosphamide 
exposure does not provide any further distinction between 
the two tumors. Cytokeratin immunostaining may be 
helpful in this setting. One should also bear in mind 
that focal cytokeratin immunoreactivity may be seen 
in smooth muscle tumors. Leiomyosarcomas are also 


immunoreactive for desmin and other muscle differentia- 
tion markers, even when they express cytokeratin antigens. 
Sarcomas lack desmosomes and tonofilaments by electron 
microscopy. 

Primary rhabdomyosarcoma of the bladder is a tumor 
of childhood and adolescence, which also shows a slight 
male predominance.°? A tumor composed of small round 
or spindled cells, arising in the bladder of a child, will 
prove to be rhabdomyosarcoma with only very rare 
exceptions. The most frequent site of involvement is the 
region of the trigone. Microscopically, rhabdomyosarcoma 
shows varying degrees of cellularity, with alternating 
hypercellular areas and loosely packed myxoid areas. 
There is typically a mixture of unoriented, small, undif- 
ferentiated, hyperchromatic round or spindle cells. The 
cells may show rhabdomyoblastic differentiation with 
eosinophilic cytoplasm. Immunohistochemically, rhab- 
domyosarcoma usually shows positivity for desmin, as 
well as MyoD1 and/or myogenin. In addition, MSA, 
myoglobin, and myosin immunostains may be positive. 
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Figure 16-15 Sarcomatoid carcinoma with heterologous 
element (chondrosarcoma) (A and B). Immunostaining for 
$100 protein is positive (B). 
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Figure 16-14 Sarcomatoid carcinoma with heterologous 
element (chondrosarcoma) (A to C). 


Figure 16-16 Sarcomatoid carcinoma with heterologous 
element (liposarcoma). 
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Figure 16-18 Sarcomatoid carcinoma with heterologous element (giant cell tumor) (A and B). Note the numerous giant cells. 


Table 16-1 Key Features to Differentiate Sarcomatoid Carcinoma from Other Spindle Cell Lesions? 


Cytologic Tumor Invasion of 
Atypia Mitoses Necrosis Inflammation Muscularis Propria 
Sarcomatoid Present Present, some Present Often present May be present 
carcinoma atypical 
Inflammatory Minimal Few Surface Often May be present 
myofibroblastic only prominent 
tumor 
Leiomyosarcoma Present Present, some Present Sparse Present 
atypical 
Postoperative spindle Minimal Variable Absent Present Absent 
cell nodule 
Rhabdomyosarcoma Present Present, some Varies Absent May be present 


atypical 


Coexisting 
UC/CIS 


Often 
present 
Absent 


Absent 


Absent 


Absent 


Immunostaining 


Cytokeratin, EMA 


ALK-1, actin, 
vimentin, 
cytokeratin 
(patchy) 

Smooth muscle 
actin, desmin, 
vimentin 

Vimentin, 
cytokeratin, 
desmin, actin 

Myoglobin, 
MyoD1, 
desmin, actin 


“ALK, anaplastic lymphoma kinase; CIS, urothelial carcinoma in situ; EMA, epithelial membrane antigen; UC, urothelial carcinoma (urothelial 


carcinoma). 
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Figure 16-19 Sarcomatoid carcinoma (A and B). The tumor 
cells display strong cytokeratin AE1/AE3 immunoreactivity (B). 


Rhabdomyoblasts may stain for NSE and cytokeratin. The 
alveolar variant has been reported to stain focally for S100 
protein.© 


Upper Urinary Tract Sarcomatoid 
Carcinoma 


Urothelial carcinomas of the upper urinary tract rep- 
resent approximately 5% of all urothelial cancers.°°° 
Although the majority of sarcomatoid carcinomas occur 
in the urinary bladder, upper urinary tract sarcomatoid 
carcinoma may rarely occur. Fewer than 20 cases have 
been reported.!%133143.68-73 The clinical presentation 
of upper urinary tract sarcomatoid carcinoma is similar 
to conventional carcinomas in this location, including 
gross hematuria and signs of ureteral obstruction and 
hydronephrosis. 

Sarcomatoid carcinoma of the upper urinary tract is an 
aggressive malignancy, with a wide range of differentia- 
tions. At the time of diagnosis, sarcomatoid carcinomas 
in the bladder and in the upper urinary tract are often 
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Figure 16-20 Sarcomatoid carcinoma (A and B). The tumor 
cells show strong p53 positivity (B). (From Ref. 9; with 
permission.) 


at an advanced stage (pT3 or higher). Ureteral sarcoma- 
toid carcinoma seems to arise preferentially in the dis- 
tal ureter. Only a few cases have been reported in the 
renal pelvis or proximal ureter.°°’* Most of the patients 
are over 60 years of age, and males appeared to be affected 
more often. In a recent study, Wang et al. analyzed eight 
patients with upper urinary tract sarcomatoid carcinoma.” 
The mean age at diagnosis was 69 years. Presenting symp- 
toms included gross hematuria, flank mass, urinary obstruc- 
tion, fever, and/or sepsis. Tumor size ranged from 2 cm to 
13 cm. Coexisting urothelial carcinoma was present in all 
eight cases. Heterologous osteosarcoma was identified in 
two cases. Pathologic stage was pT4 in five cases and pT3 
in three cases. Lymph node metastases were present in five 
patients at the time of surgery. Most patients died within 
two years (7/8 patients).*% 
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Prognosis and Treatment 


Sarcomatoid carcinoma of the bladder demonstrates a 
relatively poor prognosis, and pathologic stage is the only 
significant prognostic factor.??°? Recently, two groups 
have provided data concerning the clinical implications 
of sarcomatoid carcinoma by querying the database of 
the Surveillance, Epidemiology, and End Results (SEER) 
Program.”?*° Wang and colleagues*” reported their findings 
in 221 cases of sarcomatoid carcinoma of the bladder, and 
Wright and colleagues’? compared 135 cases of sarcoma- 
toid carcinoma and 166 cases of carcinosarcoma to 46,515 
cases of urothelial carcinomas. The majority of patients 
presented at an advanced stage in both studies. The mean 
survival of patients with carcinosarcoma and sarcomatoid 
carcinoma was 17 months and 10 months, respectively, 
in one large series from the Mayo Clinic. Pathologic 
stage appears to be the main predictor of patient survival. 
Patients with regional and distant spread of disease have 
a twofold and eightfold increased risk of dying from 
sarcomatoid carcinoma of the bladder, respectively. A 
number of other factors, including age, gender, ethnicity, 
marital status, year of diagnosis, and treatment modality, 
show no association with disease-specific survival.?? The 
median survival for sarcomatoid carcinoma was 14 months 
overall: 21 months for localized disease, 10 months for 
regional disease, and 2 months for distant disease. Overall 
survival rates were 53.9% at one year and 28.4% at five 
years. Both sarcomatoid carcinoma and carcinosarcoma 
exhibited worse overall survival rates than high grade 
urothelial carcinoma (54%, 48%, and 77% at one year, 
and 37%, 17%, and 47% at five years).30 

Although some of the authors reported promising data, 
most of the studies reported a poor outcome, regardless 
of the type of treatment.??7° Patients seldom survive 
longer than three years.?”°-”3 Aggressive treatment with 
cystectomy or transurethral resection appears to be the 
preferred treatment, although radical surgery seems to 
be the treatment of choice. Adjuvant chemotherapy and 
radiation therapy have yielded varied results.'? Although 
there is no standard treatment for sarcomatoid carcinoma 
due to the lack of randomized controlled trials, most 
patients undergo some type of cancer-directed surgery, 
with or without additional therapies, such as radiother- 
apy and chemotherapy. The prognosis of patients with 
sarcomatoid carcinoma of the bladder is poor despite 
treatment. Reports from the SEER database indicate that 
surgery varies from transurethral resection for bladder 
tumor (TURBT) in approximately 40% to 55% of patients 
to partial, total, or radical cystectomy in 35% to 40% of 
patients, without significant difference in overall survival 
between the two approaches.” Nevertheless, Black and 
colleagues, after reanalyzing their SEER series and their 
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institutional series at the M.D. Anderson Cancer Center, 
recommend forgoing TURBT and proceeding directly to 
cystectomy, since they found no significant difference 
in overall survival between sarcomatoid carcinoma and 
urothelial carcinoma when considering only the subset 
of patients treated with cystectomy.’> Currently, radical 
cystectomy is the treatment of choice for both superficial 
and muscle-invasive disease.*” Given the high rate of 
local recurrence and metastasis after radical cystectomy, 
some authors have advocated for radical cystectomy 
with lymphadenectomy to be accompanied by various 
combinations of neoadjuvant or adjuvant chemotherapy 
and/or radiotherapy.* 

Multimodality therapy with cystectomy, radiation, and 
chemotherapy was the common thread amongst the scat- 
tered long-term survivors identified in studies by Lopez- 
Beltran et al. and Ikegami et al.; however, outcomes asso- 
ciated with chemotherapy and radiation therapy are incon- 
sistent in these series and others.*!330 Studies show vary- 
ing rates of usage of adjuvant radiation and chemother- 
apy, ranging from approximately 15% to 40% and 5% to 
65%, repectively.™!330 Few studies have described specific 
chemotherapeutic regimens and their associated survival 
benefit. Case reports indicate that gemcitabine and cisplatin 
may be a well-tolerated and effective regimen, given its 
ability to induce complete remission in select patients.”°”7 
Neoadjuvant chemotherapy has shown promise in the lim- 
ited experience with its use. Black et al. reported that five 
of 11 (45%) patients given neoadjuvant chemotherapy, for 
clinical T2 or T3 disease, were downstaged to pTO, but 
this could not be correlated with improved survival, due 
to insufficient sample size. Multi-institution clinical trials 
are needed to establish protocols for the treatment of sar- 
comatoid carcinoma of the urinary bladder.’> Further char- 
acterization of the molecular underpinnings of sarcomatoid 
carcinoma should foster the development of targeted ther- 
apeutics. 


Molecular Pathology of Sarcomatoid 
Carcinoma 


Genetic and Molecular Studies 


Cytogenetic studies have shown that loss of 9p21 is a 
known early genetic event in the development of papillary 
urothelial carcinoma. Increased chromosomal instability 
and aneuploidy of chromosomes 1, 3, 7, 9, 11, and 17 have 
been implicated in tumor progression. !0-24-34.35,43.45.78-82 In 
the study on chromosome alterations by loss of heterozy- 
gosity (LOH), including 30 sarcomatoid carcinomas, Sung 
et al. reported a high incidence of allelic loss from multiple 
early carcinogenesis-associated loci: 86% at D8S261, 78% 
at D118569, 75% at D9S177, and 57% at IFNA.* 
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In a study that included eight sarcomatoid carcinoma 
patients, Wang et al. investigated the molecular alterations, 
to include EGFR, HER2, c-kit, and p53 expressions and 
evaluated the amplification of EGFR and HER2 genes 
by interphase fluorescence in situ hybridization (FISH).** 
Chromosomes gains of 3, 7, and 17, and loss of 9p21 
were analyzed by UroVysion FISH. EGFR immunostaining 
had moderately to strongly positive results in six of eight 
cases. Both HER2 and c-kit immunostaining had negative 
results in all cases. p53 immunostaining had positive 
results in five of eight cases. The EGFR polysomy was 
demonstrated in seven of eight cases. No amplification of 
HER2 was present in any case. UroVysion FISH showed 
abnormalities typical of urothelial carcinoma in all eight 
cases." 

Torenbeek et al. reported that comparative genomic 
hybridization (CGH) detected a high frequency of 
chromosome gains and losses from three sarcomatoid 


10 The divergent phenotypic components 
10 


carcinomas. 
showed a large overlapping of chromosomal aberrations. 
Volker and colleagues observed the same phenomenon 
in two cases of upper urinary tract sarcomatoid bladder 


cancers.*? 


Histogenesis 


Sarcomatoid carcinoma is an uncommon malignancy that 
demonstrates morphological and immunohistochemical evi- 
dence of both epithelial and mesenchymal differentiation 
and occurs in almost every organ capable of developing car- 
cinoma. The exact histogenesis of sarcomatoid carcinoma 
of the urinary bladder remains a matter of controversy. 
Two opposing theories, based on clonality, have been pro- 
posed to explain the origin of these morphologically diverse 
biphasic tumors (Fig. 16-21). Some investigators believe 
that it represents a collision tumor of two independent, 
monoclonal neoplasms occurring simultaneously, whereas 
others suggest that sarcomatoid carcinoma has a common 
clonal origin with divergent differentiation into its carci- 
nomatous and sarcomatous elements. The collision theory 
is based primarily on morphological analysis. Perret et al. 
noted abrupt transition between the carcinomatous and sar- 
comatous components without a gradual transition from one 
morphological entity to another, suggesting a collision of 
tumor of multiclonal origin.” Similar findings have been 
noted by other investigators.”° 

Recent molecular studies have provided insight into 
the histogenesis of this tumor. LOH and X chromosome 
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Figure 16-21 Proposed model for sarcomatoid carcinoma of the urinary bladder. There are two main hypotheses for its 
histogenesis: divergent differentiation of monoclonal tumor (A), or “collision” of synchronous urothelial and mesenchymal tumors 
(B). The divergent theory (A) proposes that true sarcoma is derived from mesenchymal stem cells. The carcinomatous and 
sarcomatous components in sarcomatoid carcinoma are derived from urothelial cancer stem cells with dedifferentiation of a 
subpopulation of tumor cells into the mesenchymal phenotype. The supporting evidence for this hypothesis is that both the 
carcinomatous and sarcomatous components retain concordant genetic alterations, and both components express epithelial 
markers. The collision tumor theory (B) proposes that the carcinomatous and sarcomatous components arise independently from 
urothelial and mesenchymal stem cells, respectively. These stem cells form carcinoma and sarcoma synchronously and “collide” 
at the same organ location. SC, sarcoma; UC, urothelial carcinoma. (From Ref. 1; with permission.) 
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inactivation analysis are two powerful tools for determi- 
nation of clonality.” LOH is based on the analysis of 
microsatellites (short nucleotide repeats) that are scattered 
throughout the genome and stably inherited. Because of 
the variability of these sequences at each locus, individuals 
usually inherit a different variant from their mother and 
from their father; two unrelated individuals therefore do not 
usually contain the same pair of sequences. X chromosome 
inactivation is the most consistently informative indicator 
of clonal origin of neoplasms in females. Neoplasms 
derived from a single progenitor cell are composed of cells 
in which the same (maternal or paternal) X chromosome is 
inactivated. Sung et al. analyzed LOH and X chromosome 
inactivation analysis in 30 sarcomatoid urothelial carcino- 
mas from 10 female patients and 20 male patients.* Their 
results showed a concordant pattern of nonrandom X chro- 
mosome inactivation in the informative female patients, 
supporting the contention that both the carcinomatous and 
sarcomatous components of this biphasic tumor are of 
monoclonal origin. High incidences of an identical pattern 
of allelic loss between the two components were identified 
at four (D8S261, D9S177, IFNA, and D11S569) of six 
polymorphic microsatellite markers frequently associated 
with early urothelial carcinogenesis. In addition, discordant 
allelic loss of microsatellite markers was found at various 
loci, suggesting genetic divergence between the two 
components following initial neoplastic transformation. 
Separate analysis of the 7P53 mutation status of 17 
sarcomatoid carcinomas using single-strand conformation 
polymorphisms (SSCP), DNA sequencing, and immunohis- 
tochemistry demonstrated identical mutation patterns and 
nuclear p53 immunohistochemical staining characteristics 
in a subset of cases.” These findings provided further evi- 
dence of a common clonal origin for both the phenotypi- 
cally distinct components of this biphasic tumor. We postu- 
late that sarcomatoid carcinoma is a common final pathway 
of all forms of epithelial bladder tumors, a hypothesis sup- 
ported by molecular data and morphologic evidence. 


Monoclonal Divergent Differentiation Theory 


The monoclonal theory (divergent differentiation) proposes 
that the carcinomatous and sarcomatous components 
derive from a single stem cell of urothelial origin with 
divergent differentiation along separate epithelial and 
mesenchymal pathways. This theory is supported by mor- 
phologic evidence of a gradual transition with intimately 
intermingled components, as well as immunohistochemical 
and ultrastructural evidence of sarcomatous cells with 
epithelial characteristics.!*°°?’ Although Perret et al. 
noted only two tumors with gradual transition from one 
cellular type to another and concomitant epithelial and 
mesenchymal markers on isolated tumor cells,” other 
authors have described small series in which the majority 
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of cases have composite features consistent with the 
monoclonal theory.!*763! Because morphological and 
immunohistochemical evidence for the histogenesis of 
bladder sarcomatoid carcinoma is inconclusive, a number 
of investigators have undertaken molecular genetic studies 
to offer further insight.4?~!!7 


Multiclonal Collision Theory 


The multiclonal theory (convergence hypothesis) regards 
sarcomatoid carcinoma as a “collision” tumor, in which 
two distinct malignancies, carcinoma and sarcoma, arise 
from two or more different stem cells of separate epithe- 
lial and mesenchymal origin.?*+! The major support for this 
hypothesis comes from morphological descriptions of sar- 
comatoid carcinoma with an abrupt transition between the 
carcinomatous and sarcomatous components. In a study of 
eight heterologous sarcomatoid carcinomas of the urinary 
bladder, Perret et al. noted that six of eight cases exam- 
ined exhibited an abrupt transition and lacked any signs 
of cross-differentiation in either component, suggestive of 
true collision tumors.’ Although the absence of “transi- 
tion features” is consistent with the multiclonal hypothesis, 
the authors hypothesized that it might be explained biolog- 
ically by extreme differentiation along the mesenchymal 
phenotype with loss of epithelial markers or technically by 
sampling errors or technical limitations in staining. True 
collision tumors, resulting from synchronous independent 
neoplasms, or from metastasis of one tumor into another, 
are exceedingly rare. 


Molecular Genetic Evidence Supportive of Monoclonal 
Origin 
Molecular genetic studies have provided insight into the 
histogenesis of sarcomatoid carcinoma of the bladder. Car- 
cinogenesis is a multistep process that is a result of an 
accumulation of genetic alterations, such as activation of 
oncogenes and/or inactivation of tumor suppressor genes, 
through mutational events or gains and/or losses of chro- 
mosomal segments. Various methods aim to identify shared 
genetic alterations between phenotypically diverse compo- 
nents of a tumor, especially those known to occur during 
early carcinogenesis, in order to suggest a common clonal 
origin.8!82 

In an effort to further identify concordant genetic alter- 
ations between tumor components suggestive of a common 
clonal origin, our group analyzed the TP53 mutation status 
of 17 cases of biphasic sarcomatoid urothelial carcinomas 
(Fig. 16-22).? Mutations in TP53, the tumor suppressor 
gene encoding p53, are common in urothelial carcinomas, 
especially in high grade or advanced stage cancers. TP53 
exons 5 to 8 harbor most of the point mutations in bladder 
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Figure 16-22 Laser capture microdissection of sarcomatoid urothelial carcinoma of the urinary bladder (A1 to B3): 
hematoxylin and eosin-stained sections showing sarcomatoid (A1) and epithelial (B1) components before microdissection; 
corresponding sarcomatoid component (A2) and epithelial component (B2) after microdissection; and laser-captured 
sarcomatoid (A3) and epithelial (B3) tumor cells. (C) Case 15: point mutation at exon 5 codon 184: 

(GAT — TAT, Asp —> Tyr) revealing identical mutations in epithelial components (middle panel) and sarcomatoid 
components (bottom panel); normal tissue did not harbor the mutation in the corresponding codon (top panel). (From Ref. 


9; with permission.) 


carcinoma. Five out of the 17 tumors contained TP53 point 
mutations in exons 5 and 8 on SSCP and DNA sequenc- 
ing. In all five of these cases, the mutations were identical 
in the carcinomatous and sarcomatous components. More- 
over, these components showed concordant p53 expres- 
sion patterns in all 17 cases. This study makes a signif- 
icant contribution to the growing body of literature from 
molecular genetic pathology in support of the monoclonal 
theory.’ 

LOH provides another approach for comparing the 
loss of genetic material between the two components, 


but in this case, at specific polymorphic satellite markers 
relevant to cancer progression rather than along the entire 
genome. LOH demonstrates the loss of one allele of a 
heterozygous pair at loci encompassing tumor suppressor 
genes, and according to the two-hit hypothesis, this loss 
allows for oncogenesis. Halachmi et al. performed a 
LOH analysis on six tumors diagnosed as sarcomatoid 
carcinoma of the urinary bladder.!! In all six of these 
tumors, the carcinomatous and sarcomatous components 
exhibited identical patterns of allelic loss on chromosomes 
8p, 8q, 9p, and 9q, corresponding to early events 
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Figure 16-23 Laser capture microdissection of sarcomatoid urothelial carcinoma of the urinary bladder (A to F). 
Hematoxylin and eosin-stained sections show urothelial carcinoma (UC) component (A) and sarcomatoid component (D) 
before microdissection. Corresponding UC component (B) and sarcomatoid component (E) after microdissection. 
Laser-captured UC (C) and sarcomatoid tumor cells (F). (From Ref. 4; with permission.) 


in bladder carcinogenesis. Discordant LOHs on other 
chromosomes were noted more frequently in advanced 
tumors.!! Significant homology in LOHs of microsatellite 
markers, involved in early carcinogenesis, supports the 
monoclonal origin of sarcomatoid carcinoma. 

Because conclusions from these initial molecular 
genetic studies were limited by the small number of 
cases, our group recently published two larger studies*® 
using different molecular approaches to elucidate the 
clonal origins of sarcomatoid carcinoma of the bladder. In 
our first study,+ we investigated the patterns of LOH in 


30 cases, as well as X chromosome inactivation in a subset 
of eight cases from female patients. Using laser capture 
microdissection, the LOH analysis employed polymorphic 
microsatellite markers commonly involved in urothelial 
carcinomas (Fig. 16-23).4 The carcinomatous and sarco- 
matous components frequently displayed identical patterns 
of allelic loss at loci in which genetic alterations play 
critical roles during the early carcinogenesis of urothelial 
carcinoma: D8S261 (86%), D9S177 (75%), IFNA (57%), 
and D11S569 (78%) (Fig. 16-24). In contrast, the incidence 
of identical LOH was lower for TP53 (40%) and D3S3050 
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Figure 16-24 Representative results of loss of heterozygosity (A) and X chromosome inactivation analysis (B) in sarcomatoid 
urothelial carcinoma of the urinary bladder. In (A), DNA was prepared from normal tissue and urothelial carcinoma and 
sarcomatoid tumor components, amplified by polymerase chain reaction using polymorphic markers D3S3050, D8S261, IFNA, 
D9S177, D11S569, and TP53 and separated by gel electrophoresis. In (B), nonrandom inactivation of X chromosome was 
identified. Arrows, allelic bands; N, normal control tissue; UC, urothelial carcinoma component; SC, sarcomatoid component, —, 


without Hha1 endonuclease digestion; +, after Hha1 endonuclease digestion. (From Ref. 4; with permission.) 
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(40%), loci encompassing the p53 and von Hippel—Lindau 
tumor suppressor genes, genes involved in progression to 
advanced urothelial carcinoma. 

Additionally, we analyzed X chromosome inactivation 
because it is an informative indicator of clonal origin of 
neoplasms in females, as all the cells of a monoclonal 
neoplasm will have the same X chromosome inactivated. In 
our study, tumors were considered to be of the same clonal 
origin if the same allelic inactivation pattern at the X-linked 
human androgen receptor (HUMARA) locus was detected 
in both the carcinomatous and sarcomatous components.“ 
The same pattern of nonrandom X chromosome inactiva- 
tion was indentified in five of eight cases, suggesting that 
these components came from the same progenitor cell. 
Although random X chromosome activation in three cases 
does not provide evidence of monoclonal origin of the two 
components, it does not completely eliminate this possi- 
bility. Previous studies have demonstrated that random X 
chromosome inactivation may be present in up to 50% 
of invasive cancers. Of note, there were three cases in 
which the two components shared the same nonrandom X 
chromosome inactivation pattern but displayed discordant 
patterns of LOH in IFNA, D9S177, and TP53, respectively. 
Although our study does not provide unequivocal evidence 
that all cases of sarcomatoid carcinoma develop from a 
single progenitor cell, critical interpretation of the results 
favors the monoclonal theory with divergent differentiation 
over the multiclonal theory with collision.* 

CGH is a powerful tool to compare the gains and 
losses of all individual chromosomes in distinct tumor 
cell populations.*? In a study examining chromosomal 
aberrations in three cases of sarcomatoid carcinoma of 
the bladder by CGH, Torenbeek et al. found significant 
homology in chromosomal aberrations, approximately 
20% to 50%, between the carcinomatous and sarcomatous 
components of each tumor.!® Another study that used 
CGH to examine one case of bladder carcinosarcoma 
revealed losses on the short arm of chromosome 9 and on 
the long arm of chromosome 11 in both components. Of 
note, losses on the short arm of chromosome 9, including 
deletion of tumor suppressor gene 7P/6, are an early 
finding in superficial urothelial carcinomas. In both studies, 
additional aberrations, unique to each component, were 
detected as well. The CGH studies provide evidence that 
sarcomatoid carcinoma is derived from a single progenitor 
cell, probably urothelial in nature, which accumulates 
genetic alterations and undergoes divergent differentiation 
during tumor progression. !° 


Epithelial-to-Mesenchymal Transition 
and Cancer Stem Cells 


Sarcomatoid carcinoma of the bladder probably originates 
as urothelial carcinoma, given similar sites of occurrence 
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and patient populations, common genetic alterations, and 
many examples of sarcomatoid carcinoma in recurrences 
or metastases of conventional carcinoma. Its divergent 
differentiation exists along a phenotypic spectrum ranging 
from pure urothelial carcinoma to sarcomatoid carcinoma 
(malignant spindle cell component) to carcinosarcoma 
(heterologous component) (Fig. 16-25). Current models 
of carcinogenesis can explain the divergent differentiation 
and resulting phenotypic heterogeneity. First, sarcomatoid 
carcinoma may progress through multistep carcinogenesis 
with the accumulation of genetic alterations, genetic insta- 
bility, and generation of multiple subclones as supported 
by the molecular genetic data reviewed.!:2+3435-79-82 
Second, sarcomatoid carcinoma may represent transdiffer- 
entiation from an epithelial to a mesenchymal phenotype, 
secondary to molecular programs, induced by the stromal 
microenvironment. An epithelial-to-mesenchymal transi- 
tion may be responsible for sarcomatoid transformation 
in urothelial and other carcinomas,!:24+3439:79-82.84-87 
Ikegami et al. demonstrated decreased expression of 
E-cadherin and other cell adhesion molecules, a hall- 
mark of epithelial-to-mesenchymal transition, in the 
sarcomatoid component of sarcomatoid carcinoma of the 
bladder.!* 

Putative urothelial cancer stem cells have recently 
been isolated and implicated in the invasiveness and 
chemoresistance of urothelial carcinoma.**+%®8 Recently 
accumulated evidence supports the premise that sarco- 
matoid carcinoma is derived from a single urothelial 
progenitor cell with subsequent transformation into a 
sarcomatoid phenotype.!?.7+42.8° It has been shown that 
both the carcinomatous and sarcomatous components of 
biphasic urothelial cancers express epithelial markers and 
retain concordant genetic alterations.*?~'! In the current 
model, true sarcoma is derived from transformed mes- 
enchymal stem cells. However, the sarcomatoid component 
of sarcomatoid carcinoma (carcinosarcoma) is derived from 
urothelial stem cells despite sharing morphologic similarity 
with other mesenchymal tumors. This model is more 
in alignment with the current epithelial-to-mesenchymal 
transition theory of tumor progression and metastasis, 
which has been proposed for similar tumors arising in 
numerous organ systems (Figs. 16-26 to 16-30).687.90 
Another hypothesis (collision theory) is that carcinomatous 
and sarcomatous components arise independently from 
urothelial and mesenchymal stem cells, respectively. These 
stem cells synchronously form carcinoma and sarcoma and 
“collide” at the same organ location. Although plausible, 
this model is currently falling out of favor. Further 
studies are necessary to elucidate the role of genetic 
alterations, epithelial-to-mesenchymal transition, and field 
cancerization in the conversion of urothelial carcinoma to 
a sarcomatoid phenotype. 
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Figure 16-25 Sarcomatoid carcinoma is the final common pathway of dedifferentiation in bladder carcinoma, and may be seen 
in a background of typical urothelial carcinoma, adenocarcinoma, squamous cell carcinoma, or small cell carcinoma. (A) 
Urothelial carcinoma intimately intermingled with a spindled sarcomatoid component. (B) Adenocarcinoma intimately 
intermingled with a spindled sarcomatoid component. (C) Squamous cell carcinoma adjacent to a spindled sarcomatoid 
component. (D) Small cell carcinoma adjacent to a spindled sarcomatoid component. (From Ref. 1; with permission.) 


Summary and Future Perspectives 


Sarcomatoid carcinoma of the urinary bladder is an uncom- 
mon tumor that must be recognized because of its thera- 
peutic and prognostic implications. Despite the controversy 
over nomenclature, sarcomatoid carcinoma is the recom- 
mended term for any biphasic neoplasm with morphological 
and immunohistochemical evidence of both epithelial and 
mesenchymal differentiation. It most commonly affects men 
in their seventh decade of life and presents at an advanced 
stage of T3 or higher. It has a relatively poor progno- 
sis, as most patients die within one year. The diagnosis 
is facilitated by the presence of identifiable urothelial car- 
cinoma or in situ component, but immunohistochemistry 
may be required in some cases. Accumulated data sup- 
port the concept of monoclonal origination with divergent 


differentiation for most of these biphasic tumors; however, 
the possibility of a true collision tumor cannot be ruled out 
completely in a small number of cases. 

Sarcomatoid phenotype has been documented in numer- 
ous types of human carcinomas, and appears to represent 
the most aggressive path of tumor progression. The major- 
ity of human carcinomas, if they progress long enough 
without killing the host, might at least theoretically develop 
sarcomatoid components. Indeed, bladder carcinoma has 
a tremendous morphologic plasticity. A remarkably wide 
diversity of histologic patterns may be seen in the same 
tumor. Interestingly, sarcomatoid carcinoma appears to 
be uniformly present along those lines of differentiation. 
Sarcomatoid transformation has been observed in vari- 
ous epithelial tumors of the urinary bladder, including 
conventional urothelial carcinoma, small cell carcinoma, 
adenocarcinoma, squamous cell carcinoma, and large cell 
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Figure 16-27 Sarcomatoid carcinoma of the bladder as a 
model for epithelial-to-mesenchymal transition. Note the 
transition of urothelial carcinoma into myxoid sarcomatoid 
component (A and B). 


Figure 16-26 Sarcomatoid carcinoma of the bladder as a 
model for epithelial-to-mesenchymal transition. Note the 
transition of urothelial carcinoma into mesenchymal 
(sarcomatoid) component (A to C). 


Figure 16-28 Sarcomatoid carcinoma of the bladder as a 
model for epithelial-to-mesenchymal transition. Note the 
transition of small cell carcinoma into mesenchymal 
(sarcomatoid) component. 
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Figure 16-29 Sarcomatoid carcinoma of the bladder as a model for epithelial-to-mesenchymal transition. Note the transition of 
squamous cell carcinoma into mesenchymal (sarcomatoid) component (A and B). 


Figure 16-30 Sarcomatoid carcinoma of the bladder as a model for epithelial-to-mesenchymal transition (A and B). 


neuroendocrine carcinoma. Sarcomatoid carcinoma appears 
to represent the final common pathway of human tumor 
dedifferentiation, including bladder cancer. 

Sarcomatoid carcinomas are aggressive variants of 
urothelial carcinoma, and the full understanding of its 
histogenesis is lacking. In recent years, molecular genetic 
methodology has been used increasingly as an effective tool 
for the analysis of sarcomatoid carcinoma of bladder. These 
measures will continue to be important diagnostically, 
and improvements may occur in the near term. Innovative 
techniques for analyzing sarcomatoid carcinoma of the 


bladder are currently in development. Some aim to set up 
the genetic linkage between carcinoma and sarcomatoid 
components; others continue to focus on clarifying the 
clonal origin of these tumor components. Searching for 
protein expression markers remains a significant goal. 
These methodologies may advance to a level of practicality 
and cost-effectiveness for routine pathology settings in 
the next few years. Finally, better understanding of the 
pathways of tumorigenesis of sarcomatoid carcinoma of 
the bladder may reveal new agents for its treatment and 
prevention. 
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Bladder Tumors with Inverted Growth 


The potential for misinterpretation of inverted or endophytic 
urothelial lesions of the bladder is high.! The pathologist 
should be aware of diverse morphologic manifestation of 
these lesions (Table 17-1). 


Inverted Papilloma 


Clinical Features 


Although the term “inverted papilloma” was introduced 
in 1963 by Potts and Hirst to describe this architecturally 
distinctive urothelial neoplasm,” the Viennese urologist, 
Paschkis, had previously reported four morphologically 
identical urothelial tumors in 1927 under the name “‘adeno- 
matoid polyp.” Other terms, such as “urothelial adenoma,” 
“brunnian adenoma,” and “inverted urothelial papilloma,” 
were also used in the past. “Inverted papilloma” is the 
preferred term. Inverted papilloma occurs at all ages, 
including a few cases in children, and comprises less than 
1% of urothelial neoplasms.*~? It is more common in men 
than in women. The male-to-female ratio is 7.3: 1.4 The 
mean age at diagnosis is 60 years (range, 26 to 85 years), 
with a peak frequency in the sixth decades.* A significant 
number of patients have a history of smoking, suggest- 
ing a possible link between tobacco use and inverted 
papilloma.* 

Patients usually present with hematuria and irritative 
symptoms.*!9-?! The majority of inverted papillomas 


Right ureter: 2 (3%) 


Dome: 2 (3%) 


Right lateral wall: 5 (7%) 


Neck: 16 (21%) 
Bladder, non-specified location: 9 (12%) 


Figure 17-1 


Table 17-1 Main Urothelial Lesions and Tumors with 
Inverted Growth Patterns 


Benign lesions 

Inverted papilloma 

Florid von Brunn nest proliferations 
Florid cystitis glandularis 


Malignant lesions 

Inverted variant of urothelial carcinoma (urothelial 
carcinoma with inverted growth) 

Nested variant of urothelial carcinoma 

Verrucous squamous cell carcinoma 


develop in the region of the trigone and bladder neck 
(Fig. 17-1). Cystoscopically and grossly, inverted papil- 
loma characteristically appears as a sessile or pedunculated 
lesion with a smooth surface (Fig. 17-2). They are usually 
small (<1 cm in diameter) and single, but large multifocal 
lesions may occur. The incidence of multiplicity ranges 
from 1.3% to 4.4%.4!! 

Using strict diagnostic criteria, inverted papilloma is a 
benign neoplasm. In the largest series of 75 cases reported 
by Sung and his colleagues, only one case had recurrence 
during a mean followup of 68 months.* Consequently, 
transurethral resection of inverted papilloma is adequate 
treatment, and surveillance protocols as rigorous as those 
employed in the management of urothelial carcinoma seem 
unnecessary for this benign entity. 


Left ureter: 2 (3%) 


Posterior wall: 8 (11%) 


Left lateral wall: 4 (5%) 


Trigone: 24 (32%) 


Prostatic urethra: 4 (5%) 


Distribution of inverted papillomas in the urinary tract. (From Ref. 4; with permission.) 
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Figure 17-2 Gross appearance of inverted papilloma. Note 
the polypoid protrusion into the luminal space. 


Pathology 


Inverted papilloma shows an inverted growth pattern, 
usually composed of anastomosing islands and trabeculae 
of histologically and cytologically normal urothelial cells 
invaginating from the surface urothelium into the subja- 
cent lamina propria but not into the muscularis propria 
(Figs. 17-3 to 17-9; Table 17-2). The overlying surface 
urothelium may be normal, attenuated, or hyperplastic, 
and, by definition, an exophytic component is either absent 
or minimal. 

Kunze et al. proposed the subdivision of inverted papil- 
loma into two morphologically distinct variants, trabecular 
and glandular.!° By their criteria, the trabecular variant 
is composed of anastomosing cords and trabeculae of 


urothelial cells invaginating the lamina propria at various 
angles. These invaginating structures demonstrate mature 
urothelium centrally, with darker and palisading basal cells 
peripherally, often surrounded by fibrotic stroma without 
marked inflammation. The neoplastic cells within the nests 
and cords of urothelium may have a spindled appearance. 
Some tumors are punctuated by cystic spaces lined by flat- 
tened urothelial cells and containing eosinophilic material, 
producing an appearance reminiscent of cystitis cystica. 
The glandular variant is composed of nests of urothelium 
with either pseudoglandular spaces lined by mature urothe- 
lium, or even true glandular elements, containing muci- 
carminophilic secretions and mucus-secreting cells (Figs. 
17-10 to 17-11). The glandular variant, as proposed by 
these investigators, has considerable morphologic overlap 
with florid cystitis glandularis and is not widely accepted 
as a diagnostic entity. 

Within the spectrum of findings in inverted papilloma, 
vacuolization and foamy xanthomatous cytoplasmic 
changes may be seen. These “clear cells” may be con- 
centrated within distinct regions of the tumor, but more 
frequently are diffusely intermingled with usual inverted 
papilloma cells. Foci of nonkeratinizing squamous meta- 
plasia and neuroendocrine differentiation may be seen.?°7* 
Mitotic figures are either absent or rare. Some cases may 
demonstrate focal minor cytologic atypia, which is proba- 
bly degenerative in nature and has no clinical significance. 
Inverted papillomas with focal papillary features have been 
described recently, broadening the morphologic spectrum 
of inverted papillomas.” Another uncommon variant, 
designated “inverted papilloma with atypia,” exhibits 
focal mild cytologic atypia with prominent nucleoli, 


Figure 17-3 Inverted papilloma. (A) The low magnification demonstrates a distinct downward growth pattern of a typical 
inverted papilloma composed of intact surface lining urothelium and underlying thin anastomosing trabeculae of 
urothelium in the lamina propria. (B) On a higher magnification, the trabeculae are characterized by central streaming and 
peripheral palisading without evidence of cytological atypia and mitosis. (From Ref. 4; with permission.) 
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Figure 17-4 Inverted papilloma. (A) This solitary 3.0-cm-diameter mass formed a protruberant nodule in the trigone of a 
55-year-old woman. (B) The tumor contains typical anastomosing trabeculae of urothelial cells. 
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Figure 17-5 Inverted papilloma. The nests may be solid with whorled masses of uniform spindle cells (A), punctuated by small 
cysts filled with mucin (B), or contain large cysts with variable amounts of proteinacous material (C). Inverted papilloma may also 
show hyperplastic growth pattern (D). 
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Figure 17-6 Inverted papilloma, trabecular growth. 


Figure 17-9 Inverted papilloma, microcystic pattern. 


Table 17-2 Key Morphologic Features of Inverted Papilloma 


Relatively smooth surface with absent exophytic 
component 

Superficial growth without involvement of muscularis 
propria 

Thin trabeculae 

Lesional circumscription with smooth base 

Lack of stromal desmoplasia 

Lack of infiltrative growth 

Minimal to no cytologic atypia 

Absence of in situ component (urothelial carcinoma in situ 
and/or urothelial dysplasia) 


Figure 17-7 Incipient inverted papilloma presents as 
polypoid lesion (A and B). 


Bladder Tumors with Inverted Growth 


b ~~ 


Figure 17-10 Inverted papilloma, microcystic, and glandular 
pattern (A and B). 


atypical squamous features, and degenerate-appearing 
multinucleated giant cells. These features are not known to 
have any clinical significance.!®!© Foci of nonkeratinizing 
squamous metaplasia are often present, and rare cases may 
demonstrate neuroendocrine differentiation.” 


Differential Diagnosis 


It is most important to differentiate inverted papilloma 
from urothelial carcinoma with inverted growth pattern 
(Table 17-3). Such distinctions may be difficult, especially 
in limited biopsy specimens or when interpretation is 
confounded by crush artifact.> Inverted papilloma usually 
exhibits orderly maturation of invaginated trabeculae and 
cords, composed of spindling and peripherally palisading 
cells. In contrast, urothelial carcinoma with inverted growth 
pattern often has thick and irregular tumor columns with 
transition to more solid nests. Additionally, the presence of 
an exophytic papillary component and unequivocal tumor 


Figure 17-11 
B). 


Inverted papilloma, glandular pattern (A and 


invasion in the lamina propria or muscularis propria justi- 
fies a diagnosis of inverted urothelial carcinoma. Marked 
cytological atypia, including nuclear pleomorphism, nucle- 
olar prominence, and abundant mitotic activity, further 
support a diagnosis of malignancy. 

Other differential considerations include florid cystitis 
glandularis and von Brunn nest proliferations, which are 
characterized by proliferation of round well-delineated nests 
of normal-appearing urothelium. Inverted papilloma shows 
cords with anastomosing growth patterns. 


Molecular Pathology 


It has been well documented by the finding of nonran- 
dom inactivation of X chromosomes that inverted papilloma 
is a clonal neoplasm that arises from a single progenitor 
cell.*4 Sung et al. studied the status of loss of heterozy- 
gosity (LOH) in inverted papilloma using microsatellite 
markers, which are commonly altered in urothelial carci- 
noma (Figs. 17-12 and 17-13).74 The incidence of LOH in 
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Table 17-3 Morphologic, Immunologic, and Molecular Genetic Features of Inverted Papilloma and Urothelial Carcinoma with 
Inverted Growth? 


Characteristics Inverted Papilloma Urothelial Carcinoma with Inverted Growth 

Surface Smooth, domed shaped, usually intact, cytologically | Exophytic papillary lesions usually present 
normal 

Growth pattern Endophytic, expansive, sharply delineated, Endophytic, lesional circumscription 
anastomosing cords and thin trabeculae variable, thick trabeculae 

Cytologic features Orderly polarized cells, some with spindling and Variable, nuclear pleomorphism and atypia 
palisading at the periphery; no significant atypia, present 
mitoses rare 

Immunohistochemistry | Negative CK20 expression Aberrant CK20 expression 

p53 and Ki67 Low or absent p53 expression and Ki67 proliferation High p53 expression and Ki67 proliferation 
index index usually present 

FGFR3 mutation Frequent Variable 

UroVysion FISH Negative Positive 

LOH Low or absent High frequency 

Clinical behavior Benign, rare recurrences? Recurrences and progression often depend 


on grade and stage 


°CK20, cytokeratin 20; FISH, fluorescence in situ hybridization; LOH, loss of heterozygosity. 
Rare recurrences related to incomplete excision. 


Cc 


Figure 17-12 Laser capture microdissection of inverted papilloma in urinary bladder. (A) Tumor specimen before 
microdissection. (B) Tumor specimen after microdissection. (C) Laser-captured tumor cells. (From Ref. 24; with permission.) 
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Figure 17-13 Representative results of loss of heterozygosity (A) and X chromosome inactivation analysis (B) in inverted 
papilloma of the urinary bladder. In (A), DNA was prepared from normal and tumor tissue, amplified by polymerase chain reaction 
using polymorphic markers D3$1300, IFNA, D9S177, and TP53 and separated by gel electrophoresis. In (B), nonrandom 
inactivation of X chromosome was identified in case 39. Arrows, allelic bands; N, normal control tissue; T, tumor tissue of inverted 
papilloma, —, without Hhal endonuclease digestion, +, with Hhal endonuclease digestion. (From Ref. 24; with permission.) 


inverted papilloma is low (8% to 10%) and contrasts with 
the high frequency of LOH (29% to 80%) in urothelial 
carcinoma and papillary urothelial neoplasm of low malig- 
nant potential. The low frequency of allelic loss in inverted 
papilloma is similar to that of normal urothelium.? The 
markedly reduced frequency of LOH in inverted papilloma 
as compared to that of urothelial carcinoma suggests that 
inverted papilloma does not harbor the key genetic abnor- 
malities that predispose to the development of urothelial 
carcinoma and may indicate that these entities arise through 
separate and distinct pathogenetic mechanisms. 

More recently, Lott et al. analyzed fibroblast growth 
factor receptor 3 (FGFR3) and TP53 mutation status in 
20 cases of inverted papillomas.” Point mutations of the 
FGFR3 gene were identified in 45% (9 of 20) of inverted 
papillomas with four cases exhibiting mutations at multi- 
ple exons. Seven cases had exon 7 mutations containing 
R248C, S249T, L259L, P260P, and V266M (Figs. 17-14 
and 17-15). Two cases had exon 10 and 15 mutations, 
including A366D, H412H, E627D, D641N, and H643D; 
five cases had N653H. The most frequent mutation was 
identified at R248C. None of the inverted papillomas exhib- 
ited mutations in TP53. These findings support the concept 
that low grade and low-stage urothelial neoplasms arise in 
a background of molecular changes that are distinctly dif- 
ferent from the molecular changes of high grade and high 
stage urothelial cancers. 


390. 


Inverted Variant of Urothelial Carcinoma 
(Urothelial Carcinoma with Inverted 
Growth) 


Clinical Features and Morphology 


This variant has also been referred to as urothelial carci- 
noma with endophytic (inverted papilloma-like) growth or 
inverted urothelial carcinoma (Figs. 17-16 to 17-22).527-30 
In a recent study of 29 patients, the mean age at diagno- 
sis was 65 years (range, 33 to 84 years).> The male-to- 
female ratio was 3: 1. The pathological stages were Ta (17 
patients), T1 (7 patients), and T2 (5 patients).° Hematuria 
and irritative symptoms were typical clinical presentations. 

Two histologic patterns may be seen. The endophytic 
growth pattern in this carcinoma has been described either 
as interanastomosing cords and columns of urothelium, 
often with a striking resemblance to inverted papilloma 
(inverted papilloma-like pattern), or as broad, pushing 
bulbous invaginations into the lamina propria (broad-front 
pattern). Unlike inverted papilloma, the trabeculae of 
inverted urothelial carcinoma are wider and more variable. 
Most important, the inverted variant of urothelial carci- 
noma usually exhibits substantial cytologic atypia that is 
not seen in inverted papilloma. These include nuclear pleo- 
morphism, architectural abnormality, and increased mitotic 
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Case 4 


Normal 
TGG AGGCC TG ACGAGĐOG G CG G 


Tumor 
TGS GOG AGGA TG ACG AG G CGO QG 


EXON 10, CODON 366 GCT —> GAT, Ala —> Asp 


Normal 
AG AGAACCAA S0 T G RG OG 


Tumor 


EXON 15, CODON 653 AAC —> CAC, Asn —> His 
A3 Cc 


Figure 17-14 Urothelial inverted papilloma (case 4). (A) Laser microdissection of inverted papilloma. (A1) Lesion (inverted 
papilloma) before microdissection. (A2) Lesion after microdissection. (A3) Laser-captured lesional cells. (B) FGFR3 gene mutation 
detected by direct sequencing. Upper panel: normal tissue (control); lower panel: point mutation at exon 10, A366D, 

GCT — GAT. (C) FGFR3 gene mutation detected by direct sequencing. Upper panel: normal tissue (control); lower panel: point 
mutation at exon 15, N653H, AAC > CAC. (From Ref. 26; with permission.) 
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Figure 17-15 Schematic illustration of FGFR3 mutation posi- 
tions in the inverted urothelial papillomas. Mutations were 
presented as the type of mutation and amino acid changes 
designated to the FGFR3 protein structure. Ig I, Ig Il, and Ig Ill, 
immunoglobulin-like domains; TM, transmembrane domain; 
TK1 and TK2, tyrosine kinase domains. Red-coded mutations 
are activating mutations published previously; blue-coded are 
missense mutations, which are candidates for activating muta- 
tions; green-coded are silent mutations. (From Ref. 26; with 
permission.) 


activity. In most cases, the surface of the neoplasm shows 
similar abnormalities and is readily recognized as typical 
urothelial carcinoma. An exophytic papillary or invasive 
component is often associated with the inverted element. 
However, in cases of inverted papilloma fragmented dur- 
ing transurethral resection, a pseudoexophytic pattern may 
result. The identification of urothelial carcinoma in situ or 
dysplasia in adjacent urothelium supports the diagnosis of 
inverted urothelial carcinoma. 

A diagnosis of invasion requires the unquestionable pres- 
ence within the lamina propria of irregularly shaped nests 
or single cells that may have evoked a desmoplastic or 
inflammatory response (Table 17-4). Desmoplasia and/or 
a fibrotic stromal response are reliable indicators of inva- 
sion.When a stromal response is absent, irregularity of the 
contours of the invasive nests, architectural complexity, 
and recognition of single cell invasion is helpful. Para- 
doxical differentiation can aid in the diagnosis of early 
invasion. Large papillary tumors with prominent endophytic 
growth may appear to “invade” the lamina propria with a 
pushing border. Unless this pattern is accompanied by true 
destructive stromal invasion, the likelihood of metastasis 
is minimal, because the basement membrane is not truly 
breached. 


Figure 17-16 Urothelial carcinoma, inverted variant (A to D). Note the presence of typical papillary urothelial 


carcinoma (D). 
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Figure 17-18 Urothelial carcinoma, inverted variant (A and B). 


Figure 17-19 Urothelial carcinoma, inverted variant. Figure 17-20 Urothelial carcinoma, inverted variant. 
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Figure 17-21 Urothelial carcinoma, inverted variant. 


Figure 17-22 Urothelial carcinoma, inverted variant (A and 
B). 


Table 17-4 Urothelial Carcinoma with Inverted Pattern 
Criteria for Invasion 


Grading of these tumors should follow the same cri- 
teria for typical urothelial carcinoma (see Chapter 9 for 
further discussion). Frequently, components of otherwise 
typical exophytic or invasive urothelial carcinoma accom- 
pany inverted urothelial carcinoma. We require at least 25% 
of the tumor to have an inverted component to be consid- 
ered inverted urothelial carcinoma. 


Immunohistochemistry and FISH 


Inverted urothelial carcinomas are typically positive for 
cytokeratin 20 (CK20) (Table 17-5).> The Ki67 labeling 
index positivity ranged from 2% to 30% of tumor cells 
(mean, 10%). p53 positivity ranged from 5% to 80% of 
tumor cells staining (mean, 17%). UroVysion FISH analy- 
sis showed alterations in chromosomes 3, 7, 17, and 9p21, 
commonly seen in conventional urothelial carcinoma of the 
bladder (gain of chromosomes 3, 7, and 17; and loss of 
9p21) (Fig. 17-23).° LOH at tumor suppressor gene loci is 
frequent, in contrast to inverted papilloma.”* 


Differential Diagnosis 


Urothelial carcinoma with inverted growth pattern may be 
difficult to distinguish from inverted papilloma.> Distinc- 
tion between these two neoplasms requires strict attention 
to architectural and cytological features (Tables 17-3 
and 17-5). Inverted urothelial carcinoma has readily 
apparent cytologic atypia, increased mitotic figures, and 
substantial architectural abnormalities consistent with low- 
or high grade urothelial carcinoma. These features are 
not seen in inverted papilloma. Urothelial carcinoma in 
situ, if present in the surface urothelium, provides further 
support for a diagnosis of inverted urothelial carcinoma. 
Whereas inverted papillomas usually do not demonstrate 
immunoreactivity for Ki67, p53, or CK20, urothelial 
carcinomas with inverted growth pattern frequently 
express one or more of these biomarkers. Similarly, 
inverted papillomas do not show the molecular features 
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Table 17-5 Comparison of Morphologic, Immunohistochemical, and Molecular Features of Inverted-Pattern Urothelial 
Carcinoma and Inverted Papilloma 


Inverted-Pattern Inverted 
Urothelial Carcinoma Papilloma 
Cytologic atypia/tumor grade* Grade 1: 9/29 (31%) 0/15 (0%) with significant cytologic atypia 


Grade 2: 14/29 (48%) 
Grade 3: 6/29 (21%) 


Coexisting exophytic papillary component 22/29 (76%) 0/15 (0%) 
Coexisting flat urothelial dysplasia/CIS 0/29 (0%) 0/15 (0%) 
Stromal invasion 12/29 (41%) 0/15 (0%) 
Peripheral palisading 13/29 (45%) 15/15 (100%) 
Mitotic activity 5/29 (17%) 12/15 (80%) 
<1/10 hpf 16/29 (55%) 3/15 (20%) 
1-5/10 hpf 5/29 (17%) 0/15 (0%) 
5-15/10 hpf 3/29 (10%) 0/15 (0%) 
>15/10 hpf 
Ki67 immunoreactivity 19/29 (66%)? 0/15 (0%) 
p53 immunoreactivity 17/29 (59%)° 1/15 (7%) 
CK20 immunoreactivity 17/29 (59%) 0/15 (0%) 
UroVysion FISH positivity 21/29 (72%) 0/15 (0%) 


Source: Modified from Ref. 5. 

“Tumor grades based on 1973 World Health Organization classification. CIS, carcinoma in situ; CK20, cytokeratin 20; FISH, fluorescence in situ 
hybridization; hpf, high power field. 

Ki67 positivity ranged from 2% to 30% of tumor cells (mean, 10%). 

“p53 positivity ranged from 5% to 80% of tumor cells (mean, 17%). 


Figure 17-23 (continued on next page) H&E photomicrographs (A, B) and multicolor fluorescence in situ hybridization (FISH) 
image (C) of urothelial carcinoma with an inverted growth pattern. There are thick columns/cords of neoplastic cells with irregular 
widths and areas of solid growth. Lamina propria invasion is seen in (B). On FISH, there are gains of chromosomes 3 and 7 (red 
and green signals, respectively) (C). Inverted pattern of urothelial carcinomas are frequently immunohistochemically positive for 
Ki67 (D), p53 (E), and cytokeratin 20 (F). By contrast, classic inverted papillomas (G) demonstrate the normal diploid complement 


of chromosomes 3 (red), 7 (green), 17 (aqua), and 9 (gold) (H). (From Ref. 5; with permission.) 
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Figure 17-23 (Continued) 
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Figure 17-24 Ductal prostatic adenocarcinoma involving the 
urinary bladder. It may mimic inverted variant of urothelial 
carcinoma. 


of urothelial carcinoma on UroVysion FISH analysis, 
whereas inverted pattern of urothelial carcinomas often 
demonstrate genetic alterations that are commonly seen in 
bladder cancer. 

Distinguishing inverted papilloma with atypia from 
inverted urothelial carcinoma can be challenging. However, 
inverted papilloma with atypia has only rare mitotic figures 
and exhibits a very low proliferation rate as estimated by 
Ki67 immunostaining. 

Florid von Brunn nest proliferation should also be con- 
sidered in the differential diagnosis. Florid von Brunn nest 


REFERENCES 


proliferation is characterized by large nests with regular 
spacing and lobular or linear configurations. Components 
of cystitis cystica and cystitis glandularis are often present 
in such proliferations. These benign urothelial proliferations 
lack cytologic atypia and any appreciable mitotic activities. 

Prostatic adenocarcinoma involving the bladder may 
also have an inverted growth pattern, mimicking inverted 
urothelial carcinoma (Fig. 17-24). 


Florid von Brunn Nest Proliferations 


See Chapter 3 for further discussion. 


Florid Cystitis Glandularis 


See Chapter 3 for further discussion. 


Nested Variant of Urothelial Carcinoma 


See Chapter 12 for further discussion. 


Verrucous Squamous Cell Carcinoma 


See Chapter 14 for further discussion. 


1. Cheng L, Bostwick DG. Overdiagnosis 


inverted papilloma by fluorescence 


8. Montironi R, Mazzucchelli R, 


of bladder carcinoma. Anal Quant 
Cytol Histol 2008;30:261-4. 


2. Potts IF, Hirst E. Inverted Papilloma of 


the Bladder. J Urol 1963;90:175-9. 
3. Paschkis R. Uber adenoma der 
harnblase. Ztschr Urol Chir 
1927;21:315—25. 
4. Sung MT, Maclennan GT, 


Lopez-Beltran A, Montironi R, Cheng 


L. Natural history of urothelial 
inverted papilloma. Cancer 
2006; 107:2622-7. 


5. Jones TD, Zhang S, Lopez-Beltran A, 
Eble JN, Sung MT, MacLennan GT, 


Montironi R, Tan PH, Zheng S, 
Baldridge LA, Cheng L. Urothelial 
carcinoma with an inverted growth 
pattern can be distinguished from 


in-situ hybridization, 
immunohistochemistry, and 
morphologic analysis. Am J Surg 
Pathol 2007;31:1861—-7. 


. Hodges KB, Lopez-Beltran A, 


MacLennan GT, Montironi R, Cheng 
L. Urothelial lesions with inverted 
growth patterns: histogenesis, 
molecular genetic findings, differential 
diagnosis and clinical management. 
BJU Int 2011;107:532-7. 


. Montironi R, Lopez-Beltran A, 


Scarpelli M, Mazzucchelli R, Cheng 
L. Morphological classification and 
definition of benign, preneoplastic and 
non-invasive neoplastic lesions of the 
urinary bladder. Histopathology 
2008;53:621—33. 


10. 


Scarpelli M, Lopez-Beltran A, Cheng 
L. Morphological diagnosis of 
urothelial neoplasms. J Clin Pathol 
2008;61:3-10. 


. Montironi R, Cheng L, Lopez-Beltran 


A, Scarpelli M, Mazzucchelli R, 
Mikuz G, Kirkali Z, Montorsi F. 
Inverted (endophytic) noninvasive 
lesions and neoplasms of the 
urothelium: The Cinderella group has 
yet to be fully exploited. Eur Urol 
2011;59:225-—30. 

Kunze E, Schauer A, Schmitt M. 
Histology and histogenesis of two 
different types of inverted urothelial 
papillomas. Cancer 
1983;51:348-58. 


Bladder Tumors with Inverted Growth 


11. 


12; 


13. 


14. 


15, 


16. 


17. 


18. 


Cheng CW, Chan LW, Chan CK, Ng 
CF, Cheung HY, Chan SY, Wong WS, 
To KF. Is surveillance necessary for 
inverted papilloma in the urinary 
bladder and urethra? ANZ J Surg 
2005;75:213-7. 

Witjes JA, van Balken MR, van de 
Kaa CA. The prognostic value of a 
primary inverted papilloma of the 
urinary tract. J Urol 1997;158: 
1500-5. 

Cheville JC, Wu K, Sebo TJ, Cheng L, 
Riehle D, Lohse CM, Shane V. 
Inverted urothelial papilloma: Is 
ploidy, MIB—1 proliferative activity, 
or p53 protein accumulation predictive 
of urothelial carcinoma? Cancer 
2000;88:632—6. 

Matz LR, Wishart VA, Goodman MA. 
Inverted urothelial papilloma. 
Pathology 1974;6:37—44. 

Rozanski TA. Inverted papilloma: an 
unusual recurrent, multiple and 
multifocal lesion. J Urol 
1996;155:1391. 

Broussard JN, Tan PH, Epstein JI. 
Atypia in inverted urothelial 
papillomas: pathology and prognostic 
significance. Hum Pathol 
2004;35:1499—1504. 

Fine SW, Chan TY, Epstein JI. 
Inverted papillomas of the prostatic 
urethra. Am J Surg Pathol 
2006;30:975-9. 

Fine SW, Epstein JI. Inverted 
urothelial papillomas with foamy or 


398 


19. 


20. 


21. 


22. 


23. 


24. 


vacuolated cytoplasm. Hum Pathol 
2006;37:1577-82. 

Marquez Moreno AJ, Julve Villalta E, 
Alonso Dorrego JM, Rubio Garrido 
FJ, Blanes Berenguel A, Matilla 
Vicente A. [Multiple bladder inverted 
papillomas]. Arch Esp Urol 
2001;54:692—4. 

Goertchen R, Seidenschnur A, Stosiek 
P. [Clinical pathology of inverted 
papillomas of the urinary bladder. A 
complex morphologic and catamnestic 
study (2)]. Pathologe 

1994;15:279-85. 

Isaac J, Lowichik A, Cartwright P, 
Rohr R. Inverted papilloma of the 
urinary bladder in children: case report 
and review of prognostic significance 
and biological potential behavior. J 
Pediatr Surg 2000;35:1514—-6. 
Summers DE, Rushin JM, Frazier HA, 
Cotelingam JD. Inverted papilloma of 
the urinary bladder with granular 
eosinophilic cells. An unusual 
neuroendocrine variant.. Arch Pathol 
Lab Med 1991;115:802-6. 
Albores-Saavedra J, Chable-Montero 
F, Hernandez-Rodriguez OX, 
Montante-Montes de Oca D, 
Angeles-Angeles A. Inverted urothelial 
papilloma of the urinary bladder with 
focal papillary pattern: a previously 
undescribed feature. Ann Diagn Pathol 
2009; 13:158-61. 

Sung MT, Eble JN, Wang M, Tan PH, 
Lopez-Beltran A, Cheng L. Inverted 


25: 


26. 


2T: 


28. 


29; 


30. 


papilloma of the urinary bladder: a 
molecular genetic appraisal. Mod 
Pathol 2006;19:1289-94. 

Junker K, Boerner D, Schulze W, 
Utting M, Schubert J, Werner W. 
Analysis of genetic alterations in 
normal bladder urothelium. Urology 
2003;62:1134-8. 

Lott S, Wang M, MacLennan GT, 
Lopez-Beltran A, Montironi R, Sung 
M-T, Tan P-H, Cheng L. FGFR3 and 
TP53 mutation analysis in inverted 
urothelial papilloma: incidence and 
etiological considerations. Mod Pathol 
2009;22:627—32. 

Amin MB, Gomez JA, Young RH. 
Urothelial transitional cell carcinoma 
with endophytic growth patterns: a 
discussion of patterns of invasion and 
problems associated with assessment 
of invasion in 18 cases. Am J Surg 
Pathol 1997;21:1057-68. 

Terai A, Tamaki M, Hayashida H, 
Tomoyosh T, Takeuchi H, Yoshida O. 
Bulky transitional cell carcinoma of 
bladder with inverted proliferation. Int 
J Urol 1996;3:316-9. 

Sudo T, Irie A, Ishii D, Satoh E, 
Mitomi H, Baba S. Histopathologic 
and biologic characteristics of a 
transitional cell carcinoma with 
inverted papilloma-like endophytic 
growth pattern. Urology 2003;61:837. 
Kawachi Y, Ishi K. Inverted 
transitional cell carcinoma of the 
ureter. Int J Urol 1996;3:313-5. 


Chapter 18 


Congenital Disorders and Pediatric Neoplasms 


Congenital Disorders 
Exstrophy 
Duplication and Diverticulum 
Fistula and Cysts 
Megacystis 
Congenital Bladder Obstruction (Marion Disease) 
Urachal Anomalies 


Inflammatory and Related Conditions 
in Children 


Rupture and Calculi in Children 
Benign Epithelial and Polypoid Lesions 


Urothelial Papilloma 


400 
400 
400 
401 
401 
401 
401 


402 
403 
403 
404 


Urothelial Carcinoma in Children 
Epidemiology and Clinical Features 
Pathology 
Immunohistochemistry 
Molecular Features 

Soft Tissue Neoplasms 
Hemangioma 
Neurofibroma 
Inflammatory Myofibroblastic Tumor 
Rhabdomyosarcoma 

Other Rare Tumors 


References 


Bladder Pathology, First Edition. Liang Cheng, Antonio Lopez-Beltran, David G. Bostwick. 
© 2012 Wiley-Blackwell. Published 2012 by John Wiley & Sons, Inc. 


416 


399 


Congenital Disorders and Pediatric Neoplasms 


Congenital Disorders 


Exstrophy 


Complete failure of bladder development results in 
agenesis,!* and incomplete closure of the bladder produces 
exstrophy.? Exstrophy affects about one in 30,000 to 
50,000 births.* It is usually accompanied by other urinary 
tract defects, particularly epispadias, similar to agenesis. 
The common coexistence of exstrophy and epispadias 
is collectively designated the exstrophy—epispadias 
complex. Exstrophy may also be associated with cloacal 
anomalies. 

Bladder exstrophy may be incomplete or complete. Both 
types are recognizable at birth as a mucocutaneous defect 
in the midline of the infraumbilical region. The macro- 
scopic abnormality results from exposure of the posterior 
bladder wall without its anterior investiture of mesoderm- 
derived tissue. Typically, the mucosa is irregular, nodu- 
lar, and thickened, with a fibrotic wall containing mucin- 
filled cysts. Urothelial abnormalities result from exposure 
to the external environment; consequently, surgical repair is 
recommended early to avoid these changes.° Proliferative 
changes are present in virtually all cases, including cystitis 
cystica and glandularis, and squamous metaplasia occurs in 
about 25% (Figs. 18-1 to 18-4).’~!° Prominent lymphoid 
hyperplasia in the lamina propria may impart a finely nodu- 
lar appearance macroscopically. Initially, the lamina propria 
is edematous and contains a variable amount of acute and 
chronic inflammation, but eventually, fibrosis develops. 

Bladder exstrophy is considered an important risk 
factor for malignancy and may be associated with 
adenocarcinoma,!! squamous cell carcinoma, urothelial 
carcinoma, and rhabdomyosarcoma. !? However, a previous 


Figure 18-1 Exstrophy of the bladder. Note the squamous 
metaplasia, stromal edema vascular congestion, and deep 
dilated glands with periglandular cuffing of myofibroblasts. 


Figure 18-2 Exstrophy of the bladder (A and B). Note the 
squamous metaplasia. 


study challenged bladder exstrophy as a risk factor for 
developing bladder adenocarcinoma in surgically treated 
patients. 1 

A less frequent form of exstrophy, cloacal exstrophy or 
vesicointestinal fissure, consists of an exstrophied portion 
of intestine from which a distal intestinal segment returns 
into a blind rectal pouch. A segment of colonic mucosa is 
exposed on the lower abdominal wall with portions of blad- 
der wall exposed on both sides of the intestinal segment. 
Males and females are equally prone to cloacal exstro- 
phy, unlike the male predominance with bladder exstrophy 
(3:1 ratio). Cloacal exstrophy is a more severe deformity 
and usually has coexistent exstrophic bladder with exposed 
hemibladder along the lateral border of the exstrophic intes- 
tine. Urothelial abnormalities in the hemibladder are similar 
to those in uncomplicated bladder exstrophy.!+!5 


Duplication and Diverticulum 


Duplication is rare, characterized by incomplete or com- 
plete partitioning of the bladder.!°-?° 
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Figure 18-3 Exstrophy of the bladder. Note the squamous 
metaplasia and vascular congestion. 


metaplasia, cystitis glandularis, and mucosal erosions. 


Bladder diverticulum is classified as “congenital or 
acquired,” including iatrogenic cases.?! Most congenital 
diverticula are discovered incidentally without other 
urologic anomalies (Fig. 18-5). Acquired diverticula in 
children are usually discovered as a complication of 
bladder neck obstruction, and this may be congenital 
or associated with neurogenic bladder in patients with 
meningomyelocele.”* Acquired diverticula are the most 
common form in adults and are frequently associated 
with inflammation, urothelial dysplasia, carcinoma, or 
sarcoma.2”34 Some cases may be very large and the 
term “giant diverticulum” may be applied. 


Fistula and Cysts 


A congenital fistula between the bladder and the anterior 
abdominal wall may form a superior or inferior vesical 


Figure 18-5 Bladder diverticulum. 


fissure and is considered a less severe form of exstrophy 
than typical exstrophy.”° 

Congenital prepubic sinus is a midline sinus from the 
skin immediately superior to the pubis that may communi- 
cate with the anterior bladder wall. Microscopically, the 
sinus tract is lined by urothelium and surrounded by a 
smooth muscle sheath. The sinus is considered a urethral 
duplication rather than a variant of exstrophy.?°?7 

Trigonal cyst is a developmental anomaly located at or 
near the trigone that is lined by unremarkable urothelium. 


Megacystis 


An enlarged bladder may result from any distal anatomic 
obstruction, often at the bladder neck or urethral valves, 
or as a manifestation of a syndrome complex such as 
prune belly syndrome, in that bilateral cryptorchidism 
is associated with urologic malformations and absence 
of the abdominal wall musculature. Some authors do 
not consider it strictly within the category of congen- 
ital malformation.!'?8 Megacystis is one component 
of the syndrome of megacystis—microcolon—intestinal 
hypoperistalsis. 


Congenital Bladder Obstruction (Marion Disease) 


Congenital bladder obstruction is an obstructive condition 
that results in recurrent urinary tract infections in children. 
Histologically, there is concentric fibromuscular hypertro- 
phy and elastosis of the bladder wall, often with chronic 
inflammation. 


Urachal Anomalies 


Anomalies of the urachus in children include mainly patent 
urachus, persistent urachal remnants, and urachal cysts. 
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Also, bacterial infections may occur in the presence of a 
malformation or cyst. Benign neoplasms of the urachus 
include adenomas and soft tissue tumors. Malignant tumors 
of the urachus are uncommon, with adenocarcinoma as 
the most common form. Squamous cell carcinoma and 
urothelial carcinoma make up only 3% of cancers arising 
in the urachus, respectively. A number of urachal sarcomas 
have been reported. The main clinicopathological features 
of these uncommon lesions are described in Chapter 27. 


Inflammatory and Related Conditions 
in Children 


Inflammatory and reactive conditions in the bladder of chil- 
dren are encountered most frequently by the pathologist 
at postmortem examination. Often, these children have an 
indwelling catheter or have undergone instrumentation. The 
catheter tip may traumatize the mucosa in the trigone and 
posterior bladder wall, producing ulceration and secondary 
epithelial proliferation with atypia and other changes of pro- 
liferative cystitis. The catheter may act as a conduit for 
the introduction of bacteria and other microorganisms. The 
ileal conduit may be resected and show squamous meta- 
plasia, mucosal ulcer, erosion, and chronic inflammation 
(Fig. 18-6). 

Cystitis in a child is histologically identical to that 
occurring in the adult, and all forms of cystitis have 
been encountered (see also Chapter 2). Inflammation 
of the bladder is more common in children than would 
be expected given the small number of bladder biopsies 
submitted for histologic examination. The indications for 
bladder biopsy are similar to those in an adult, including 
unexplained hematuria, voiding difficulties, or a lower 
abdominal mass.?? Often, the biopsy reveals nonspecific 
inflammation and reactive mucosal changes. Nonspecific 
histologic changes in the bladder in children include 
edema, focal hemorrhage, vascular ectasia, and variable 
amounts of acute and chronic inflammation. The inflam- 
mation is often less impressive than the other findings. 
The majority of infections are caused by Escherichia coli 
or other gram-negative organisms. 

Hemorrhagic cystitis is an uncommon form of acute 
cystitis characterized by hemorrhage, fibrin deposition, and 
necrosis.*! Occasionally, this may be caused by adenovirus 
type 11.°°-*4 It is often difficult to identify intranu- 
clear inclusions characteristic of the organism because 
of mucosal sloughing.’ The lamina propria contains 
aggregates of lymphocytes surrounded by erythrocytes, 
reminiscent of follicular cystitis. Hemorrhagic cystitis 
may also be caused by cytomegalovirus, with typical 
intranuclear and cytoplasmic inclusions within endothelial 
cells and macrophages.’ Hemorrhagic cystitis may also 
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result from cyclophosphamide and its metabolites with 
direct cytotoxic changes within the mucosa.*’ About 8% 
of children who receive cyclophosphamide weekly for 
acute lymphocytic leukemia or other diseases develop 
sterile hematuria. Macroscopically, the bladder wall is 
thick and boggy, with blood clots in the lumen, and 
diffusely hemorrhagic, friable, and ulcerated mucosa. 
Numerous ectatic blood vessels are present in the lamina 
propria, some with fibrin thrombi or evidence of necrosis. 
There may be a striking paucity of inflammatory cells, 
but eosinophils and atypical multinucleated cells may be 
observed. The urothelium often displays marked cytologic 
abnormalities that are thought to be regenerative and not 
neoplastic. A late finding is the presence of interstitial 
fibrosis within the wall. 

Children may also develop eosinophilic or follicular cys- 
titis, usually with no specific causative agent.*® Eosinophilic 
cystitis may result from Toxocara, but the typical necrotiz- 
ing eosinophilic granulomas of toxocariasis are absent in 
the bladder.*? 

Interstitial cystitis (Hunner ulcer) most often occurs in 
middle-aged women, but has occasionally been observed 
in children, usually with the same clinical and histologic 
manifestations. 

Granulomatous cystitis in childhood is rare, and patients 
should be evaluated for the possibility of mycobacterial, 
fungal, or parasitic infection.*° In endemic regions, Schisto- 
soma haematobium exposure occurs in childhood in a large 
percentage of the population, resulting in bilharziasis.*! The 
ova, frequently calcified, are typically deep in the bladder 
wall, and superficial biopsy may be negative. 

Chronic granulomatous disease in childhood may 
include chronic cystitis, with characteristic palisad- 
ing necrotizing granulomas and central collections of 
neutrophils.*7 Some cases are associated with prominent 
bullous cystitis. 
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Crohn disease may occur in children or young adults, 
involving the bladder by continuous spread of fistulas 
and inflammatory tracts from the adjacent bowel mucosa. 
Endoscopy reveals polypoid masses in the dome, and biop- 
sies reveal acute inflammation and edema of the lamina 
propria with scattered epithelioid histiocytes. Rarely, there 
may be a terminal ileum stricture. 

Malakoplakia is uncommon in children. 


Rupture and Calculi in Children 


Rupture of the bladder is rare in children. It usually results 
from blunt trauma with or without pelvic fracture. Although 
most ruptures occur into the extraperitoneal space in adults, 
intraperitoneal rupture with disruption of the dome is more 
common in children. Rarely, rupture presents as neonatal 
urinary ascites secondary to spontaneous perforation of the 
bladder. The presence of posterior urethral valves will cre- 
ate increased intravesical pressure in the majority of such 
infants. 

Bladder calculi in children in the United States and 
Europe are very uncommon.***4 Causative factors include 
foreign body, Proteus mirabilis infection, exstrophy, prolif- 
erative cystitis, and neurogenic bladder. Most stones are cal- 
cium oxalate or a mixture of oxalate and calcium phosphate. 


Benign Epithelial and Polypoid Lesions 


Children are prone to an uncommon and heterogeneous 
group of lesions that sometimes form a mass, occasion- 
ally with exophytic growth. Proliferative cystitis is one 
of these lesions, resulting from chronic irritation, exstro- 
phy, or unknown factors. The spectrum of proliferative 
cystitis includes von Brunn nests, cystitis cystica, and cys- 
titis glandularis.5“° These changes may be limited to the 
trigone; but when large, they may resemble sarcoma botry- 
oides, although they are usually small. Girls with chronic 
urinary tract infection are most likely to have prolifera- 
tive cystitis, particularly cystitis cystica, with a frequency 
ranging from 2.5% to 22% of such patients. 

Squamous metaplasia is rare in children, but some of 
the most dramatic examples reported occurred in children 
with exstrophy or schistosomiasis.*” Currently, there is not 
enough data to identify keratinizing squamous metapla- 
sia of the bladder as a premalignant condition, this term 
being reserved for those with obvious histological dyspla- 
sia. However, at present, all patients should undergo regular 
followup.*8 

Nephrogenic metaplasia (nephrogenic adenoma) is an 
uncommon finding in children, usually following manip- 
ulation, instrumentation, inflammation, calculi or trauma 
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Figure 18-7 Nephrogenic metaplasia (nephrogenic 
adenoma). 


of the bladder,4?-°> or in the background of previous 
renal transplantation or augmented bladder (Fig. 18-7).57 
Patients present with hematuria, urgency, dysuria, and sec- 
ondary enuresis. Although a male predilection is sometimes 
cited for adult patients, pediatric nephrogenic adenomas 
appear to occur more commonly in females, with a male- 
to-female ratio of 1:5.°4°8 Microscopically, nephrogenic 
metaplasia typically displays papillary, exophytic growth. 
The tubular and papillary components are most often lined 
by cuboidal to low columnar epithelium, resembling renal 
tubules, sometimes with a hobnail appearance, or cystic 
dilation. Typically, the tubules are separated by abundant 
edematous stroma. In some instances, dilated vessels, 
calcifications, amyloid-like plaques, or multinucleate giant 
cells are seen. Reactive changes such as cystitis cystica, 
cystitis glandularis, or squamous metaplasia are sometimes 
identifiable in the surrounding tissue. Recurrence of 
nephrogenic metaplasia is not uncommon in the pediatric 
population.°* Transurethral resection is the treatment of 
choice (see Chapter 3 for further discussion). 

Very few cases of hamartoma of the urinary bladder 
and prostatic-type polyp have occurred in children.>?° 
One interesting case arose in a 4-year-old girl with 
Peutz—Jeghers-like lesions in the colon, and two other 
cases occurred in brothers.®*! 

Fibroepithelial polyp is a distinct benign entity com- 
monly involving the bladder neck or prostatic urethra, in 
contrast to adult patients, in whom involvement of the 
upper urinary tract is more commonly seen (Figs. 18-8 
and 18-9). These lesions are completely benign and 
are believed to be nonneoplastic.°*-’° In one case, the 
fibroepithelial polyp of the bladder neck arose in an infant 
with Beckwith-Wiedemann syndrome.® Most polyps 
measure less than 2 cm in diameter and have a smooth 
surface of normal urothelium and supporting stroma of 
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Urothelial Papilloma 


Urothelial papilloma in pediatric patients is unusual but 
is reported occasionally.*!~*+ Most tumors are solitary 
and located near the ureteric orifices. The clinical course 
of these tumors is generally favorable, although some 
cases in adults are diagnosed with concurrent urothelial 
carcinoma.®!8? Papilloma sometimes recurs, although pro- 
gression is not a feature. In the 2003 study by McKenney 
and colleagues, one patient presented in childhood (age 
8 years), and in all, seven patients were 30 years of age 
or younger.*? In another study focusing on urothelial 
neoplasms in patients under age 21, two patients (8.7%) 
had tumors that fit the current criteria for urothelial 
papilloma.*+ 

The diagnostic criteria from the 197385 and 200486 
World Health Organization (WHO) classification schemes 
are restrictive, limiting true urothelial papilloma to a small 
fraction of epithelial bladder tumors.*! Microscopically, 
this lesion is composed of a delicate fibrovascular core 
covered by architecturally normal urothelium with a 
normal number of cell layers (approximately two to seven) 
and no cytologic atypia (Fig. 18-10). The larger papillary 
structures occasionally bud and give rise to smaller fronds 
or anastomosis of papillae. Mitotic figures are absent to 
rare and restricted to the basal cell layer. The superficial 
so-called “umbrella” cells are often prominent and may 
have vacuolated cytoplasm, eosinophilic syncytial growth, 
an apocrine-like appearance, or mucinous metaplasia. 
The stromal component is sometimes edematous with 
an infiltrate of inflammatory cells; less commonly, it 
contains dilated lymphatics or foamy histiocytes within the 
fibrovascular papillae. 


Figure 18-9 Fibroepithelial polyp. 


hypocellular fibrous connective tissue; we have seen a 
case in which the stroma was filled with foamy cell 
histiocytes. In small biopsies, this lesion may be mistaken 
for embryonal rhabdomyosarcoma, particularly if the 
submucosal stromal cells are prominent and condensed 
in the subepithelial area. However, the stromal cells of 
fibroepithelial polyp appear benign, although exceptionally 
they have a pseudosarcomatous appearance. Rarely, ade- 
nomatous polyp also occurs in children.” (See Chapter 4 
for further discussion.) 

Isolated examples of inverted papilloma have also been 
reported in children.’*-®° (See Chapter 17 for further dis- 
cussion.) Figure 18-10 Urothelial papilloma. 
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Urothelial papilloma in pediatric patients has not been 
found to have any consistent genetic/syndromic associa- 
tions, although it has been reported in conjunction with 
WTI gene mutation. 


Urothelial Carcinoma in Children 


Epidemiology and Clinical Features 


Urothelial carcinoma is uncommon in children, and the 
majority of such cases appear between 15 years and 20 
years of age.*>87 Up to 30% of pediatric cases may occur 
at 10 years of age or younger.** Urothelial carcinoma of the 
upper urinary tract is yet more unusual.’ Owing to this rar- 
ity, several authors have warned that a diagnosis of urothe- 
lial tumors in children may be somewhat delayed from the 
initial onset of symptoms, due to reluctance of many physi- 
cians in pursuing an aggressive hematuria workup for these 
patients.8°~9! 

In Javadpour and Mostofi’s study, only 40 primary 
epithelial bladder tumors were identified in the first two 
decades of life from 10,000 total cases.°2 There was a 
striking male predilection, with a male-to-female ratio of 
9:1. Patients in their series ranged from 6 years to 20 
years of age, and most presented with gross hematuria.” 
Less frequent presenting symptoms included microscopic 
hematuria, dysuria, and urinary frequency. 

Most arise as solitary papillary lesions in the trigone or 
lateral wall.??°4 With rare exceptions, urothelial tumors in 
childhood are grade 1 or low grade urothelial carcinoma 
occasionally associated with lymphangiectasia (Figs. 18-11 
and 18-12).8895-9 A recent report showed that urothelial 
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Figure 18-11 Noninvasive papillary urothelial carcinoma, 
low grade. 
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low grade (A and B). 


neoplasms in individuals younger than 20 years demonstrate 
very few genetic alterations and have a favorable clini- 
cal outcome. !% Occasionally, urothelial carcinoma may be 
associated with the epidermal nevus syndrome. 

In adult patients, cigarette smoking is highly implicated 
in the development of urothelial carcinoma,!®! as is expo- 
sure to various chemicals in the dye, rubber, textile, and 
chemical industries,!°? leading some to postulate differing 
social/occupational circumstances as an explanation for 
the increased male predilection of urothelial carcinoma. In 
pediatric patients, this association is somewhat question- 
able; however, in the Javadpour study, 18 patients of the 
40 (primarily those over the age of 14 years) had a doc- 
umented smoking history of 1.5 packs per day (average). 
None had known exposure to other carcinogenic agents, 
although one patient developed squamous cell carcinoma 
of the bladder related to schistosomiasis.?” In contrast, in 
the more modern series by Fine et al., only one patient 


Congenital Disorders and Pediatric Neoplasms 


reported a brief period of cigarette smoking, while one 
additional patient had secondhand exposure, and none had 
exposure to carcinogenic agents.** Changes in smoking 
habits over recent decades probably account for these 
differences, although the possibility that young patients 
(especially in the late teenage years) are now less likely to 
report a smoking history is difficult to exclude. In the pedi- 
atric population, other etiologic factors may be involved, 
with or without cigarette smoking, in the development of 
urothelial tumors, especially so as cumulative pack years 
for any given patient are likely to be very small compared 
to those for elderly patients. Additionally, the genetic 
features of pediatric urothelial carcinoma appear to be 
distinct, suggesting alternative pathogenetic mechanisms. 
The rarity of urothelial tumors in the pediatric population 
has led to a number of questions regarding their biological 
behavior. Some authors have found that these tumors are 
primarily low grade, with infrequent recurrence and more 
indolent behavior than those of adults®”-92:!93- however, 
other authors have suggested that pediatric urothelial carci- 
noma does recur and should be followed carefully.?!!% It 
has been posed that in patients with multiple tumors, recur- 
rence may be more likely. As pediatric urothelial tumors 
include an abundance of low grade lesions, the utility of 
urinary cytology in establishing the diagnosis has been 
called into question.?”!°> Recent molecular evidence con- 
trasting abnormalities of urothelial neoplasms in pediatric 
and adult patients suggests that pediatric tumors indeed 
are distinct and may develop along different pathways.!°° 


Pathology 


The majority of cases are low grade noninvasive papillary 
urothelial carcinoma, morphologically similar to those 
seen in adult patients. Rarely, some patients may have 
invasive carcinoma at presentation.”” Fine and colleagues 
studied 23 urothelial neoplasms occurring in patients 20 
years of age or younger, reclassifying each tumor based 
on the 2004 WHO and 1998 WHO/International Society 
of Urological Pathology (ISUP) classification schemes.** 
Tumors included urothelial papilloma (8.7%), papillary 
urothelial neoplasm of low malignant potential (PUNLMP, 
43.5%), noninvasive low grade papillary urothelial car- 
cinoma (34.8%), and noninvasive high grade papillary 
urothelial carcinoma (13%). Recurrences were identified 
in three of 21 patients, and all were alive without evidence 
of disease at 6 months to 13 years (mean, 4.5 years).*4 

The differential diagnostic considerations include 
nephrogenic adenoma, papillary hyperplasia, papillary 
polypoid cystitis, fibroepithelial polyp, and, rarely, inverted 
papilloma.!°° 


Immunohistochemistry 


A comprehensive immunohistochemistry (IHC) panel of 
cytokeratin (CK) 20, p53, and Ki67 (MIB1) may have 
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clinical utility in evaluating urothelial carcinoma arising in 
children and young adults. Wild et al. found that immuno- 
histochemical staining for CK20 demonstrated the normal 
pattern of expression (only the superficial cell layer) for the 
majority of the studied pediatric urothelial neoplasms.!% In 
particular, all tumors classified as PUNLMP maintained the 
normal CK20 expression, while two low grade pTa tumors 
showed abnormal expression. Similarly, IHC for TP53 was 
negative in all tumors, with the exception of two noninva- 
sive papillary urothelial carcinoma cases, one low grade 
(20% staining) and one high grade (5% staining). Ki67 
(MIB 1) staining reached as high as 10% in the same two 
cases, with the remainder of tumors showing 1% to 5% 
staining. 15 


Molecular Features 


Urothelial neoplasms in young patients exhibit distinctive 
molecular and genetic characteristics. In the general adult 
population, loss of heterozygosity (LOH) of chromo- 
some 9 is reported frequently in noninvasive papillary 
tumors, while TP53 gene mutation (located at 17p13.1) 
is classically described in urothelial carcinoma in situ and 
high grade invasive cancers.'!°7-! Some investigators 
have found overlap between these abnormalities.''? More 
recently, FGFR3 gene abnormalities have been strongly 
implicated in the development of papillary tumors.!!! 

In contrast to this typical genetic picture for adults, Linn 
et al. found young patients to have infrequent numerical 
abnormalities of chromosomes 9 and 17 by interphase 
cytogenetic analysis, coupled with a surprisingly high 
nuclear accumulation of p53 protein in low grade, low stage 
tumors.!!? They acknowledged that use of the centromeric 
probe method for numerical chromosomal abnormalities 
may underestimate smaller-scale genetic events while 
successfully detecting monosomy or aneuploidy.'!* More 
recently, Wild and colleagues used FGFR3 and TP53 
mutation screening, comparative genomic hybridization 
(CGH), UroVysion fluorescence in situ hybridization 
(FISH) analysis, polymerase chain reaction (PCR) for 
human papillomavirus, microsatellite instability analysis, 
and markers for LOH on chromosome arms 9p, 9q, and 
17p in a population of patients under age 20 with urothelial 
neoplasms. !°° Overall, few abnormalities were identified, 
and there was a notable absence of FGFR3 gene mutations 
and 9p deletions, which are characteristically found in 
adult tumors. In contrast to the Linn study, only one of 14 
tumors showed nonsense mutation in the TP53 gene with 
accompanying p53 immunoreactivity. Overall, the authors 
concluded that urothelial neoplasms in patients under age 
20 are less frequently associated with the typical genetic 
alterations of noninvasive urothelial carcinoma in elderly 
patients, and they represent a biologically distinct and 
genetically stable subset of bladder tumors.!° 
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Soft Tissue Neoplasms 


Hemangioma 


Most benign tumors in childhood involving the bladder 
arise in the soft tissue. The most common is hemangioma, 
which usually arises in the first two decades of life 
(Fig. 18-13; Table 18-1). More than 30% of children 
with a hemangioma have a similar lesion elsewhere 
in the body.'!3-!!5 Hemangioma appears as a solitary 
polypoid lesion in the dome or trigone, but rarely presents 
as a diffuse multilobular vasoformative proliferation 
within the wall of the bladder with involvement of the 
bowel, mesentery, and retroperitoneum. The vascular 
spaces are variable in appearance, but usually appear as 
small crowded capillary masses. Cavernous hemangioma 
consists of large vascular spaces, often with thrombi.!!® 
Epithelioid hemangioma is rare in childhood, as is diffuse 
lymphangiomatosis.''7 Hemangioma is benign and may be 
treated conservatively.!!8 
See Chapter 21 for further discussion. 


Neurofibroma 


The second most common benign soft tissue tumor of 
childhood is neurofibroma (Figs. 18-14 and 18-15). This 


Figure 18-15 Neurofibroma. 


is more common in boys than girls and is an expression 
of von Recklinghausen neurofibromatosis.!'8-!7! These 
children often have other sites of genitourinary tract 
involvement. Cheng et al. reported four patients with 
bladder neurofibroma, all of whom exhibited features of 
neurofibromatosis type 1 (NF1). Mean age at diagnosis 
was 17 years (range, 7 to 28 years), and no patient 
showed evidence of malignant transformation during a 
mean followup of 9.6 years.!!8 Grossly, the bladder is 
enlarged and contains multiple glistening nodules in the 
a wall, accompanied by broad polypoid masses protruding 
Rhabdomyosarcoma (>75% of malignant tumors) into the lumen. Microscopically, the lamina propria shows 
Hemangioma diffuse replacement by nodules of neurofibroma. Plexiform 
Neurofibroma bundles of neurofibromatous tissue are characteristic 
Urothelial carcinoma and may separate and compress the smooth muscle of 
Leiomyoma the muscularis propria. Another less common histo- 
Leukemia/lymphoma (secondary) : See ae ; 
One logic pattern of genitourinary neurofibrosis is extensive 
ganglioneuromatosis similar to that in the intestinal tract. 


Figure 18-13 Capillary hemangioma. 


Table 18-1 Bladder Tumors in Childhood 
(in Descending Order of Frequency) 
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See Chapter 15 for further discussion. 


Inflammatory Myofibroblastic Tumor 


Inflammatory myofibroblastic tumor (IMT) (inflammatory 
pseudotumor) of the bladder is another rare lesion that is 
more common in adults than in children (Table 18-2; see 
also Chapter 19).!??-126 When the bladder is involved, the 
differential diagnostic considerations include postoperative 
spindle cell nodule, myogenic tumor, sarcoma, and sarco- 
matoid carcinoma.!?’ It often presents as a large intramural 
or exophytic mass in the bladder. Microscopically, the 
spindle cell proliferation is variably cellular, with chronic 
inflammation composed chiefly of lymphocytes and plasma 
cells with prominent edema and a focally prominent 
vascular network (Figs. 18-16 and 18-17). Some mitotic 
figures may be identified, but no atypical forms are present. 


Ultrastructurally, the spindle cells have the same features 
as myofibroblasts elsewhere in the body. These cells are 
immunoreactive for vimentin, cytokeratins, ALK, and 
muscle-specific actin but do not stain for desmin, myo- 
globin, or myoD1. We find the inflammatory infiltrate to be 
diagnostically useful, and embryonal rhabdomyosarcoma 
is an important diagnostic consideration (see the discussion 
below), but usually has small neoplastic cells that are 
uniform, densely hyperchromatic nuclei, and intensely 
eosinophilic cytoplasm, often with a cambium layer, and 
lacks the inflammatory infiltrate seen in IMT. 
See Chapter 19 for further discussion. 


Rhabdomyosarcoma 


Clinical Features 
Approximately 75% of malignant tumors of the bladder 
in children are rhabdomyosarcomas.*>!78-!47 The average 
age at diagnosis is 5 years, and there is a predominance of 
boys to girls (3:2 ratio). Bladder neck obstruction with or 
without hematuria is the usual presenting symptoms. 
Because of the limited anatomic space in the pelvis 
and the juxtaposition of anatomic structures, it is some- 
times difficult to determine whether the sarcoma originated 
in the prostate and extended superiorly into the bladder 
neck, or, alternatively, it arose in the retroperitoneum and 
invaded the bladder, prostate, or vagina.'° When the tumor 
presents as multiple polypoid masses in the lumen of the 
bladder, there is no difficulty in assignment of primary 
site of origin. A malignant neoplasm composed of small 
round or spindled cells and arising in the bladder of a 
child will prove to be rhabdomyosarcoma with only very 
rare exceptions.!3? Children with NF1 have an increased 


Table 18-2 Comparison of Pediatric and Adult Inflammatory Myofibroblastic Tumor (IMT)? 


Pediatric Adult 
Location other than genitourinary Gastrointestinal tract Lung 
tract 
Multifocality Absent Absent 
Gender predilection Male Male 
Location predilection Dome Lateral walls 


Clinical presentations 
Cytokeratin expression 
ALK-=1 expression by IHC 
ALK-—1 expression by FISH 
Recurrence 

Metastasis 


Infrequent 


cases) 
Cancer death 


Irritative symptoms and hematuria 
Possibly less frequent than adults 
Variably present 

Variably present 


Rare (possibly ALK-negative 


Not clearly documented 


Irritative symptoms and hematuria 
Frequent 

Variably present 

Variably present 

Infrequent 

Possibly absent in true IMT 


Very rare, may occur 


*Although some authors have proposed that pediatric IMT is a true neoplasm of intermediate malignant potential in contrast to adult pseudosarco- 
matous proliferations or IMT (some authors prefer the terminology ‘‘pseudosarcomatous proliferations”), other authors have integrated both adult 
and pediatric cases into the same series. The presence of variably frequent ALK—1 abnormalities in both groups suggests that they may represent 


the same entity. 
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Figure 18-17 Inflammatory myofibroblastic tumor (A and B). 
ALK staining is positive (B). 


prevalence of rhabdomyosarcomas, with a predominance 
of bladder or prostate primaries.!*+ 


Macroscopic Pathology 

Macroscopically, the characteristic finding is a polypoid 
mass filling the bladder lumen. The masses may be single 
or multiple, producing in some instances a sarcoma botry- 
oides (grape-like) appearance. The cut surface is myxoid 
and gelatinous with variable hemorrhage and necrosis. Most 
tumors have a covering superficial epithelium. The trigone 
is the most common location, although rare cases may orig- 
inate at the bladder dome.!48 


Microscopic Pathology 

Both alveolar and embryonal patterns of rhabdomyosar- 
coma have been described (Figs. 18-18 to 18-22). 
Embryonal rhabdomyosarcoma is the most common type. 
Embryonal rhabdomyosarcoma shows varying degrees of 
cellularity, with alternating hypercellular areas and loosely 
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Figure 18-18 Rhabdomyosarcoma of the bladder. (A) 
Polypoid masses of tumor, characteristic of botryoid growth 
pattern. (B) Intact urothelium with underlying cambium layer 
of malignant spindle cells. 


packed myxoid areas. There is typically a mixture of 
unoriented, small, undifferentiated, hyperchromatic round 
or spindle cells. Also present may be rhabdomyoblasts, 
differentiated cells with eosinophilic cytoplasm. Although 
rhabdoid or strap cells with cross-striations may be present, 
this is not necessary for diagnosis. The overall appearance 
of embryonal rhabdomyosarcoma varies from primitive 
to well-differentiated, depending on the component of 
rhabdomyoblasts present. Occasional foci of immature 
cartilage or bone may be present. Ultrastructural studies 
may demonstrate rhabdomyoblastic differentiation, but this 
technique is seldom used. 

Botryoid embryonal rhabdomyosarcoma demonstrates a 
“cambium” layer, or condensed layer of small round blue 
primitive cells, under the intact epithelium; beneath this 
cambium layer lies a paucicellular, loose, edematous, or 
myxoid tumor. Tumor cellularity is often quite variable, 
as is the degree of bladder wall infiltration. In addition to 
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Figure 18-19 Rhabdomyosarcoma of the bladder (A and B). 
Diagnostic malignant rhabdomyoblasts are present in the 
cambium layer. 


the small round primitive cells that make up the cambium 
layer, one may observe elongated “strap cells” with 
cross-striations and hyperchromatic nuclei (Figs. 18-23 to 
18-26). Typical rhabdomyoblasts, with abundant strongly 
eosinophilic cytoplasm, may be difficult to identify, 
especially if a biopsy is taken from a paucicellular area. 
More poorly differentiated rhabdomyoblasts have been 
described as medium-sized to large cells with irregularly 
shaped hyperchromatic nuclei and only a small rim of 
cytoplasm, often accompanied by readily identified mitotic 
figures, some of which are atypical. 

Alveolar rhabdomyosarcoma, a rare variant, has been 
reported to occur in the bladder. Its characteristic mor- 
phology consists of aggregates of cuboidal or polygonal 
tumor cells with hyperchromatic nuclei separated by dense, 
often hyalinized, fibrovascular septa. At the periphery of 
these aggregates, tumor cells cling to the fibrous tissue; 
centrally, the tumor cells tend to be very discohesive and 
appear to be “free-floating,” resulting in an overall “alve- 
olar” architecture. Atypical multinucleated giant cells and 
numerous atypical mitotic figures are often observed. Rhab- 
domyoblasts and tumor cells with cross-striations are usu- 
ally absent. The solid type of alveolar rhabdomyosarcoma 


Figure 18-20 Rhabdomyosarcoma with botryoid growth 
pattern (A and B). 


grows in confluent sheets, but the cells are similar to those 
in the classic pattern. 

In addition to the embryonal and alveolar subtypes, 
undifferentiated rhabdomyosarcoma may be difficult to 
identify definitively without the aid of IHC findings. Such 
tumors are composed of primitive-appearing small round 
cells, although preserved expression of muscle markers 
may assist in discrimination of such lesions from other 
small blue cell tumors. Unfortunately, the undifferenti- 
ated type of rhabdomyosarcoma carries an unfavorable 
prognosis, like alveolar rhabdomyosarcoma. 

Microscopically, the different patterns of rhab- 
domyosarcoma may merge with each other and appear 
diffuse. Ultrastructural and immunohistochemical studies 
are useful as confirmatory tests of the diagnosis but 
may not be necessary in typical classic cases. Rare 
cases of rhabdomyosarcoma contain well-differentiated 
thabdomyoblasts with deceptively low grade-appearing 
cytologic features, striking eosinophilic cytoplasm, and 
well-formed cross-striations. Such tumors may resemble 
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Figure 18-21 Rhabdomyosarcoma with intact urothelium (A 
and B). Note the malignant spindle cell proliferation 
underneath the urothelium. 


rhabdomyoma, but this tumor has not been reported to 
date in the childhood bladder, and these are consid- 
ered well-differentiated embryonal rhabdomyosarcomas. 
Similar findings can be encountered after a full course 
of chemotherapy (Figs. 18-27 to 18-29), with residual 
sarcoma cells appearing as large rhabdomyoblasts or rhab- 
domyocytes. In tumor biopsies after treatment, maturing 
rhabdomyoblasts may be more readily apparent. More 
poorly differentiated malignant cells in posttreatment 
biopsies typically exhibit larger hyperchromatic nuclei 
with an irregular nuclear shape and scant cytoplasm. 
Mitotic figures may be frequent, including some that are 
atypical or bizarre. 


Immunohistochemistry 

Immunohistochemically, rhabdomyosarcoma usually shows 
positivity for desmin as well as MyoD1 and/or myogenin. 
In addition, muscle-specific actin, myoglobin, and myosin 
immunostains may be positive.!37!47-!49 Rhabdomyoblasts 
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Figure 18-22 Rhabdomyosarcoma (A to C). 


may stain for neuron-specific enolase (NSE) and cytoker- 
atin. The alveolar variant has been reported to stain focally 
for S100 protein.!47 


Differential Diagnosis 
Differential diagnostic considerations for rhabdo- 
myosarcoma include leiomyosarcoma, inflammatory 
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Figure 18-23 Rhabdomyosarcoma (A and B). Note the 
presence of rhabdomyoblasts. 


myofibroblastic tumor, postoperative spindle cell 
nodule, neurofibroma, and sarcomatoid carcinoma 
(carcinosarcoma).!78 These tumors can often be dis- 
tinguished on morphologic and clinical grounds. 
Immunohistochemical stains supporting skeletal mus- 
cle differentiation are helpful in establishing a diagnosis of 
rhabdomyosarcoma. 

Leiomyosarcoma can effectively be excluded because 
it virtually never occurs in the first two decades of life. 
Further, the histologic findings should be useful in mak- 
ing this separation; in difficult cases, ancillary studies may 
be of value. Immunohistochemically, the tumor cells of 
rhabdomyosarcoma show positive staining for markers of 
muscle differentiation, including desmin, MyoD1 or myo- 
genin, and sometimes muscle-specific actin, myoglobin, and 
myosin.!40-!5° Rhabdomyoblasts may stain for NSE and 
infrequently for cytokeratin. Inflammatory myofibroblastic 
tumor often shows prominent inflammatory infiltrates and is 
positive for ALK and negative for desmin or MyoD1. Post- 
operative spindle cell nodule occurs weeks to months after 


Figure 18-24 Rhabdomyosarcoma. Note the presence of 
rhabdomyoblasts. 
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Figure 18-25 Rhabdomyosarcoma. Note the presence of 
rhabdomyoblasts. 
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instrumentation and is a small nodule with spindle cells 
arranged in a myxoid vascular stroma, which may infiltrate 
the muscularis propria of the bladder. Inflammatory cells, 
usually of chronic type, are present. Postoperative spindle 
cell nodule may exhibit numerous mitotic figures, but none 
are atypical, and lesional cells of postoperative spindle cell 
nodule lack cytologic atypia and ALK-1 immunoreactivity. 
Sarcomatoid carcinoma typically occurs in adult patients, 
although rhabdomyosarcoma component can also be seen 
in these tumors.!27 


Molecular Genetics 

Recent molecular genetic studies have helped shed light 
on the pathogenesis of rhabdomyosarcoma; in fact, FISH 
can be helpful in establishing the diagnosis in challenging 
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Figure 18-26 Rhabdomyosarcoma (A and B). Note the 
presence of rhabdomyoblasts. 
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E aetna Figure 18-29 Rhabdomyosarcoma after chemotherapy (A 
Figure 18-27 Rhabdomyosarcoma after chemotherapy. and B). 
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Table 18-3 Molecular Genetics of Pediatric 
Rhabdomyosarcoma 


Alveolar rhabdomyosarcoma 
t(2,13)(p35;q14) 
70% of all alveolar rhabdomyosarcoma 
Fused PAX3-FKHR chimeric product 
Associated with worse prognosis 
t(1,13)(p36:q14) 
10% all alveolar rhabdomyosarcoma 
Fused PAX7-FKHR chimeric product 
Associated with better prognosis 
Gene amplification of MDM2, CDK4 
Tetraploidy 
TP53 mutation 


Embryonal rhabdomyosarcoma 
Loss of heterozygosity at 11p15.5 
Hyperploidy 
TP53 mutation 


cases (Table 18-3).!4°!46!5! Alveolar rhabdomyosar- 
coma demonstrates distinctive molecular abnormalities, 
including t(2;13) or t(1;13) translocations, which result 
in either a PAX3-FKHR or PAX7-FKHR gene fusion, 
respectively.!4°!46 Identification of PAX3-FOXO1A fusion 
transcripts identifies a high-risk group, while identifica- 
tion of PAX7-FOXOIA is associated with a favorable 
outcome in patients with advanced metastatic alveolar 
rhabdomyosarcoma. 

CGH of embryonal rhabdomyosarcoma showed gains 
of chromosomes or chromosomal regions 2, 7, 8, 11, 12, 
13q21, and 20, and losses of 1p35—36.3m (6m) 9q222, 
14q21-32, and 17 most often.!5? Gains of chromosomes 
2, 7, 8, 12, and 13 as well as loss of chromosome 14 
were also reported in a prior study. Genomic gains in 
chromosomes 2 and 12 have also been detected in alveolar 
thabdomyosarcoma.!*? The PTCH gene, a putative tumor 
suppressor gene, has been mapped to 9q22, a region of 
genomic loss as detected by CGH or FISH in 33% of 
the tumors evaluated.'°? This tumor suppressor gene may 
therefore play a role in embryonal rhabdomyosarcoma. 
Several genes, which have been mapped to the 12q13-15 
region, may be involved in the development or progression 
of embryonal rhabdomyosarcoma. These genes include the 
GLI family zinc finger 1 (GLI), MDM2, SAS, and CHOP. 
All of these genes have been shown to be amplified 
in sarcomas.'** The chromosomal loss most commonly 
detected by CGH or FISH in the study by Bridge et 
al. was loss of 1p35-—36.3. This same loss is also fre- 
quently detected in neuroblastoma, and it is suggested that 
neuroblastoma tumor suppressor genes reside here. LOH 
at the 1p region predicts a poor outcome in neuroblastoma 
patients. Whether it is predictive of a poor outcome in 
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rhabdomyosarcoma remains to be determined. 1p36 is 
also the locus of PAX7, which is often fused to FKHR in 
alveolar rhabdomyosarcoma [t(1;13)(p36;q14)].!°? Loss of 
this gene in embryonal rhabdomyosarcoma indicates that 
it may play a role in the pathogenesis of this tumor.!5? 
Oguzkan et al. reported the detection of a large deletion 
in the NFI gene at 17q11.2 in an infant with NF1 and 
Noonan syndrome who presented with rhabdomyosarcoma 
of the bladder.!54 

Molecular analysis of posttreatment biopsies for MyoD1 
and myogenin by reverse transcription (RT)-PCR to detect 
minimal residual disease has been reported useful in cases 
of embryonal rhabdomyosarcoma.'>> Another study evalu- 
ating the DNA ploidy and proliferative activity of childhood 
genitourinary rhabdomyosarcoma found that DNA hyper- 
diploidy and low cellular proliferative activity are present 
in a preponderance of childhood rhabdomyosarcoma cases, 
and these features may predict a favorable outcome.!°° 

Recent gene-expressing profiling studies found that as 
few as five genes can accurately distinguish embryonal 
rhabdomyosarcoma from alveolar rhabdomyosarcoma 
with an estimated error rate of less than 5%.!5! The 
immunostaining data validated the gene expression results. 
HMGA2 was positive in embryonal rhabdomyosarcoma; 
negative in alveolar rhabdomyosarcoma. In contrast, 
TFAP2£ was positive in PAX3-FKHR or PAX7-FKHR- 
positive alveolar rhabdomyosarcoma, and negative in 
embryonal rhabdomyosarcoma. !5! 


Prognosis 
Although the prognosis in adults is reportedly poor, 
advances have been made in the treatment of childhood 
rhabdomyosarcoma, leading to improved survival with 
preserved bladder function. Staging is one of the most 
important prognostic factors (Table 18-4). In addition, 
histologic subtyping has also been shown to correlate 
with clinical outcome.!57-!63 Several histologic classi- 
fication schemes have been proposed (Tables 18-5 and 
18-6).!3%164-167 In the International Rhabdomyosarcoma 
Classification system,!6* histologically recognizable types 
are assigned to one of three prognostic groups (Table 18-5). 

In their review of 51 primary bladder rhabdomyosar- 
coma, Leuschner et al. found that the only feature with 
a Statistically significant influence on survival was growth 
pattern.!3? The botryoid subtype, which tends not to infil- 
trate deeply into the detrusor muscle, has a better prognosis 
overall than either typical embryonal rhabdomyosarcoma or 
alveolar rhabdomyosarcoma, both of which are often deeply 
invasive into underlying muscle.'** Tumors composed of a 
mixture of alveolar and embryonal subtypes tend to demon- 
strate biologic behavior typical for that of pure alveolar 
rhabdomyosarcoma. !28-!39.164.168 

Another study evaluating the DNA ploidy and prolifera- 
tive activity of childhood genitourinary rhabdomyosarcoma 
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Table 18-4 Tumor, lymph nodes, and metastasis (TNM) Staging of Pediatric Rhabdomyosarcoma* 


Stage Sites of Primary Tumor T Stage 

l Orbit/eyelid, head and Til or T2 
neck (excluding 
parameningeal), 
genitourinary (not 
bladder or prostate) 

II Bladder/prostate, extremity, T1 or T2 
cranial parameningeal, 
other (trunk, 
retroperitoneal, etc.) 

III Bladder/prostate, extremity, T1 or T2 
cranial parameningeal, T1 or T2 
other (trunk, Wil Or W2 
retroperitoneal, etc.) T1 or T2 

IV All T1 or T2 


Tumor Regional Distant 
Size Lymph Nodes Metastasis 
Any size NO, N1, or Nx MO 
<5 cm NO or Nx MO 
<5 cm N1 MO 
>5 cm NO, N1, or Nx MO 
>5 cm NO, N1, or Nx MO 
>5 cm NO, N1, or Nx MO 
Any size NO or N1 M1 


°T1, confined to organ of origin; T2, extend beyond organ of origin; MO, absence of metastatic spread; M1, presence of metastatic spread beyond 
the primary site; NO, absence of nodal spread; N1, presence of nodal spread beyond the primary site; Nx, N status unknown. 


Table 18-5 International Classification 
of Rhabdomyosarcoma 


1. Superior prognosis 
A. Botryoid rhabdomyosarcoma 
B. Spindle cell rhabdomyosarcoma 
2. Intermediate prognosis 
A. Embryonal rhabdomyosarcoma 
3. Poor prognosis 
A. Alveolar rhabdomyosarcoma 
B. Undifferentiated sarcoma 
4. Subtypes whose prognosis is not presently evaluable 
A. Rhabdomyosarcoma with rhabdoid features 


Source: Ref. 164. 


found that DNA hyperdiploidy and low cellular prolifera- 
tive activity are present in a preponderance of childhood 
rhabdomyosarcoma cases, and these features may predict a 
favorable outcome.!°° 

The Children’s Oncology Group (COG) Soft Tis- 
sue Sarcoma Study Group, formerly the Intergroup 
Rhabdomyosarcoma Study (IRS), has observed rhab- 
domyosarcoma patients, including those with bladder 
primaries, since 1972.!%3:!98 By the time of the reporting 
period for IRS-IV (1991-1997), the rate of retention of a 
normal-functioning bladder at 6.1 years from the time of 
diagnosis was approximately 40%, and the survival rate, 
not including those with disseminated disease when first 
diagnosed, was 82%.!3 Most patients are treated with 
conservative surgical resections, chemotherapy, and local 


Table 18-6 National Cancer Institute Classification 
of Rhabdomyosarcoma 


Embryonal rhabdomyosarcoma (favorable) 
Conventional 
Pleomorphic 
Leiomyomatous 
With aggressive histologic features 
Alveolar rhabdomyosarcoma (unfavorable) 
Conventional 
Solid alveolar 
Pleomorphic rhabdomyosarcoma 
Rhabdomyosarcoma, “other” 


Source: Ref. 165. 


irradiation.'*> Reports of the experiences of European 
groups treating this malignancy are similar.'**! Post- 
treatment morbidity has been most attributable to radiation 
therapy.!7° Relapses, when they occur, are usually within 
five years after treatment, and are generally managed 
with salvage chemotherapy and sometimes surgery.!** 
Posttreatment tumor recurrences often show diminished 
cellularity, and may also show evidence of maturation or 
degeneration.'’7! There is lack of agreement concerning 
the significance of the presence of mature-appearing tumor 
cells in posttreatment biopsies. Leuschner et al. contend 
that the presence of such cells may portend subsequent 
tumor recurrence or progression.!3* Heyn et al., however, 
suggest that the presence of cellular maturation in these 
treated tumors is an encouraging prognostic sign.!7! 
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Other Rare Tumors 


Squamous cell carcinoma and adenocarcinoma of the blad- 
der are even less common than urothelial carcinoma in 
children.!72-!77 

Primary paraganglioma of the bladder in children is 
very rare (see also Chapter 15).'78-!8° Paraganglioma has 
been identified in the bladder of young patients, ranging 
from 7 years to 14 years of age. Bladder paraganglioma is 
often hormonally active, producing episodic hypertension, 
headache, and diaphoresis, sometimes related to the act of 
micturition. !8° 

Other rare tumors of the bladder include leiomyoma, 
granular cell tumor, and dermoid cyst.!8? Leiomyoma and 
leiomyosarcoma both occur in the urinary bladder and are 
included in the differential diagnosis of mesenchymal- 
appearing bladder neoplasms. Leiomyoma is rare and seen 
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common benign soft tissue bladder neoplasm. Leiomyosar- 
coma, in contrast, sometimes occurs in young patients and 
must be distinguished from inflammatory myofibroblastic 
tumor and rhabdomyosarcoma, using all available ancillary 
techniques (see also Chapter 19).!*? 

Germ cell tumors of the bladder in children are 
exceedingly rare, with reported cases of dermoid cyst!8? 
and endodermal sinus tumor (yolk sac tumor) (see also 
Chapter 22),!84185 

Few cases of primary rhabdoid tumor have been 
described in the bladder, including one with coexistent 
urothelial carcinoma.!86187 Rare cases of primitive neu- 
roectodermal tumor arising in the urinary bladder of 
children and young adults have been reported (see also 
Chapter 15). 

The childhood bladder may also be a rare site for 
involvement by leukemia and lymphoma.!*8-!9! Very 
rarely, there may be metastases to the bladder, including 
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Soft Tissue Tumors 


Myofibroblastic Proliferations 
and Neoplasms 


Inflammatory Myofibroblastic Tumor 


Inflammatory myofibroblastic tumors (IMTs) are rare 
spindle tumors often mistaken for sarcoma, particularly 
when they arise in the urinary bladder. Since a bladder 
sarcoma warrants radical cystectomy, and an IMT of the 
bladder is generally managed conservatively, distinguish- 
ing between the two at this and other sites is of critical 
importance. IMTs have been described in numerous body 
sites, and tumors with similar morphology have been 
assigned many names, including plasma cell pseudotumor, 
inflammatory pseudotumor, xanthomatous  pseudotu- 
mor, pseudosarcomatous myofibroblastic proliferation, 
inflammatory myofibrohistiocytic proliferation, atypical 
fibromyxoid tumor, and atypical myofibroblastic tumor.!~+ 
The relationship between IMTs and the aforementioned 
tumors has been a matter of debate and controversy. Some 
investigators have questioned whether IMTs occurring 
in adult and pediatric patients are the same entity, and 
whether IMTs are benign, malignant, or part of a spectrum 
of benign to malignant spindled soft tissue tumors. 


Historical Perspective 
The earliest reports of lesions possibly representing IMTs 
and similar entities are those of von Brunn, who in 1939 
described two patients, aged 5 and 9 years, respectively, 
who had lung lesions with constitutional symptoms.* von 
Brunn’s diagnosis in one of the cases was “myoma of the 
lung,” with signs of a “lymphocytic infiltrate, small areas of 
fibrosis and necrosis, and richly vascular stroma,” features 
often seen in IMTs. von Brunn stated that the subacute 
granulomatous growth clinically seemed to be indicative 
of a true neoplasm, but that it was difficult to draw a 
line between neoplasm and granuloma. A similar dilemma 
regarding the distinction currently exists. 

In the genitourinary tract, the first description of such 
a lesion was by Roth in 1980, who reported “an unusual 
pseudosarcomatous entity” in the bladder of a 32-year-old 
woman and concluded that the lesion represented a reac- 
tive process.’ Subsequently, Proppe et al. reported an entity 
they named “postoperative spindle cell nodule (PSCN),” 
arising in the lower genital tract of four men and four 
women 5 weeks to 3 months after instrumentation at the site 
where the lesion arose. Many of these lesions were mistak- 
enly diagnosed as sarcomas, but in view of the absence of 
nuclear pleomorphism, hyperchromatism, atypical mitoses, 
the presence of a plexiform capillary network, and the his- 
tory of recent surgical procedure, the lesions were regarded 
as benign and reactive. Use of the term “postoperative 
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spindle cell nodule” for this clinicopathologic entity persists 
currently. 

The term “inflammatory myofibroblastic tumor’ was 
introduced in 1990 by Pettinato et al. in their report of 20 
inflammatory pseudotumors of the lung.’ Subsequently, 
Netto et al. suggested the use of this term to describe 
similar lesions sometimes encountered in the bladders of 
children, exhibiting an impressive inflammatory infiltrate, 
proliferation of spindle cell myofibroblasts and fibroblasts, 
granulation tissue-like vascularity, and absence of sig- 
nificant necrosis, cytologic atypia, and abnormal mitotic 
figures.8 


Epidemiology and Clinical Presentation 

Following the initial description of their occurrence in 
the lung, IMTs have been reported in a wide variety of 
anatomic sites, including the abdomen, retroperitoneum, 
head and neck region, brain, and extremities.! In the 
genitourinary tract, IMTs have been reported in the 
kidney, urethra, prostate, ureter, and rete testis, but is 
most frequently observed in the bladder.?~'> Although the 
majority of patients with an IMT of the bladder are teens 
or young adults, IMTs have also been reported in children 
and in the elderly. IMTs are much more likely to occur in 
males, with a 2 to 3: 1 male predominance. 

The most common symptom is painless hematuria. Less 
often, patients present with dysuria, pelvic pain, or symp- 
toms of urinary tract obstruction or infection, or the lesion 
may be discernible as a mass lesion during physical or radi- 
ologic examination. Other associations with genitourinary 
IMTs include cigarette smoking, bladder instrumentation, 
and gynecologic surgery. The occurrence of lesions in other 
anatomic sites may be accompanied by fever, weight loss, 
anemia, thrombocytosis, increased erythrocyte sedimenta- 
tion rate, and increased immune globulins. However, such 
constitutional symptoms and serologic findings are not com- 
mon in cases of IMTs of the genitourinary tract.!° 

IMTs are slow growing and rarely exhibit clinically 
aggressive behavior.! There are reports indicating that high 
grade invasive urothelial carcinoma arising in patients with 
an IMT history sometimes exhibits unusually aggressive 
behavior, resulting in patient death.'*!° It is unclear 
whether the occurrence of IMTs in this setting plays 
any substantial role in the occurrence or behavior of the 
invasive urothelial carcinoma. Recurrences are reported in 
10% to 25% of genitourinary IMT cases; the predilection 
for recurrence of genitourinary IMTs shows no correlation 
with anaplastic lymphoma kinase (ALK) expression 
(see the discussion below).!? It is unclear whether ALK 
expression in IMTs arising outside the genitourinary tract 
influences recurrence rates. Higher recurrence rates were 
noted in patients with ALK-negative IMTs compared to 
ALK-positive lesions in one study,!” whereas other studies 
suggested that ALK-positive lesions tend to recur more 
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often than ALK-negative lesions.!® Thus, it is not certain 
what role ALK plays in prognosis. Moreover, there is no 
significant difference in gender when it comes to clinical 
outcomes. 


Pathogenesis 

The pathogenesis of IMTs is enigmatic, and numerous the- 
ories have been proposed. Because IMTs are characterized 
histologically by an inflammatory infiltrate and because 
various microbes have been isolated from the lesions, 
infection has long been suspected to play an important 
role in their pathogenesis. Microbes such as Bacteroides 
corrodens, Klebsiella pneumoniae, Mycobacterium avium- 
intracellulare, Corynebacterium equi, Campylobacter 
jejuni, Bacillus sphaericus, Escherichia coli, and Coxiella 
burnetii have been cultured from IMTs.!? A study by 
Arber et al. detected Epstein-Barr virus (EBV) in 40% 
to 60% of splenic and hepatic inflammatory pseudotumor 
spindle cells.?°*! Moreover, there seems to be a connection 
between tumors expressing EBV and follicular dendritic 
cells. In three liver cases, follicular dendritic cell tumors 
developed in a background of inflammatory pseudotumors 
that expressed the EBV antigen.?”?! 

It has been postulated that cytokines such as IL-16 and 
IL-6, which are responsible for the constitutional symptoms 
sometimes associated with IMTs, may reflect other pro- 
cesses, such as viral infection, that are involved in its origin. 
For example, human herpesvirus-8, which encodes proteins 
that mimic bcl-2, cyclin D, interferon factors, and IL-6, has 
been shown to be expressed in pulmonary and ganglion 
IMTs.!8 Other investigators have postulated an autoimmune 
origin for IMTs, as suggested by a case report of an IMT 
of the submandibular gland, in which a patient had poly- 
clonal hypergammaglobulemia, high antinuclear antibody 
titers, and a positive antithyroid test with no symptoms of 
systemic autoimmune disease.*” Autoimmune etiology has 
also been suggested by reports of IMTs of the spleen asso- 
ciated with thrombocytopenic purpura and IMTs associated 
with Riedel thyroiditis.*! 

The etiology implicating infection and autoimmune dis- 
eases refers primarily to IMTs in other organ sites. Caution 
is warranted in interpreting the data. 


Histopathology 

Macroscopic Pathology An IMT is described grossly as a 
circumscribed, lobulated, or multinodular firm gray-white 
or yellow lesion with a whorled or fascicular appearance 
on sectioning, and sometimes a softer myxoid appearance. 
Foci of hemorrhage, necrosis, cystic change, and calcifi- 
cation are less commonly seen.'! Tumor size ranges from 
1 cm to 20 cm, with larger lesions seen in the mesen- 
tery, intestine, retroperitoneum, and liver. Lesions in the 
bladder and head and neck region are typically less than 2 
cm in greatest dimension. In the bladder they are usually 


exophytic and often polypoid, and exhibit no specific site 
predilection.!!?3-?° They may form large masses that pro- 
trude into the bladder lumen and/or invade the muscularis 
propria of the bladder wall. 


Microscopic Pathology The histologic appearance of the 
lesion is varied. Characteristically there is a predominance 
of myofibroblast and fibroblast spindle cells, a variably 
prominent collagenous or myxoid matrix, and inflammatory 
cells consisting mainly of plasma cells and lymphocytes 
with occasional eosinophils (Figs. 19-1 to 19-10). IMTs 
typically exhibit one of three general histologic appear- 
ances. The first is the myxoid/vascular pattern, composed of 
spindle and stellate cells with abundant eosinophilic cyto- 
plasm and vesicular nuclei, which can mimic embryonal 
rhabdomyosarcoma (RMS). The second is characterized by 
compact spindle cells arranged in fascicular or storiform 
patterns, with some ganglion-like cells and varied cellular 


Figure 19-1 Inflammatory myofibroblastic tumor (A and B). 
The tumor is composed of spindle cells in loose edematous 
stroma. 
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Figure 19-4 Inflammatory myofibroblastic tumor. (A) There 
is abundant acute and chronic inflammation admixed with 
the spindle cells, but in some areas (B) the inflammation is 
sparse or absent. 
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Figure 19-2 Inflammatory myofibroblastic tumor (A and B). 
density (Figs. 19-11 to 19-13). The third is a hypocellular 
fibrous pattern displaying abundant collagen, plasma cells, 
lymphocytes, and eosinophils. This pattern can be compared 
to desmoid fibromatosis or scar tissue (Fig. 19-14). 


Immunohistochemistry 

Immunohistochemical findings in cases of IMT overlap 
those noted in other lesions included in the differential 
diagnosis, including more than one type of malignancy. 
IMTs have been reported to stain for vimentin (95% to 
100%), desmin (5 to 80%), smooth muscle actin (SMA) 
(48% to 100%), muscle-specific actin (62%), and keratin 
(10% to 89%).!27-29 IMTs of the bladder are more likely 
to express keratin than are IMTs at other genitourinary 
locations, complicating its distinction from sarcomatoid 
carcinoma, since both lesions characteristically show 
varying degrees of immunoreactivity for both smooth 
muscle and epithelial markers.'°° IMTs rarely stain for 
MyoD1 or myogenin, which are skeletal muscle markers 
expressed by RMS. Approximately one-half of IMTs 
Figure 19-3 Inflammatory myofibroblastic tumor, show positive immunostaining for ALK, thus providing 
hypercellular variant. a promising means of differentiating IMTs from other 


Figure 19-5 Inflammatory myofibroblastic tumor (A and B). 
Tumor cells are triangular to ovoid, admixed with chronic 
inflammation (A). Elsewhere, tumor cells have vacuolated 
cytoplasm (B). 


lesions (Figs. 19-15 and 19-16). The validity of ALK-1 
staining is supported by corresponding fluorescence in 
situ hybridization (FISH) and cytogenetic studies, with 
translocation of the ALK-/ gene on chromosome 2p23 
documented in some cases.!3! Although the overall 
histologic and immunohistochemical findings must be 
taken into account and the sensitivity and specificity of 
ALK immunostaining for the diagnosis of an IMT has yet 
to be established, evidence of ALK-1 expression supports 
the diagnosis of IMTs in individual bladder lesions.!? 


Molecular Genetics and ALK 

Recent genetic studies of small series of cases have detected 
karyotypic abnormalities in IMT. About 50% to 60% of 
IMTs can be shown to have clonal genetic aberrations in the 
short arm of chromosome 2 in region p21—p23, specifically, 
a 2p23 rearrangement involving the ALK gene, support- 
ing the concept that an IMT is a neoplasm (Fig. 19-17).! 
The human ALK gene spans a region of about 728 kb on 
chromosome 2p23 and encodes ALK, a tyrosine kinase 
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Figure 19-6 Inflammatory myofibroblastic tumor (A and B). 


receptor and member of the insulin growth factor recep- 
tor superfamily. It is normally expressed in the central 
nervous system and was first shown to be expressed abnor- 
mally in anaplastic large cell lymphoma. ALK gene rear- 
rangements lead to fusion with other genes; in IMT, these 
rearrangements have involved the following genes: CLTC, 
RANBP2, TPM3, TPM4, CARS, ATIC, and SECILI .?-*4 
Rearrangements have been reported in bladder IMTs, the 
first of which was ALK-ATIC .*> Several translocations have 
been reported, including t(1;2)(q25;p23), t(2;2)(p23;q13), 
t(2;11)(p23;p15), t(2;17)(p23;q23), and t(2;19)(p23;p13.1). 
The translocation t(1;2)(q25;p23) with TPM3 involvement 
is most common, and most breakpoints occur in the same 
intron of ALK. 

FISH technology can be employed to detect ALK 
break-apart rearrangements. Commercially available dual 
color probe sets contain ALK upstream and downstream 
probes. The probes hybridize upstream and downstream 
from the ALK breakpoint cluster region and label the 
two sites with distinctly different fluorescent colors. The 
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Figure 19-7 Inflammatory myofibroblastic tumor (A to F). (A) Spindle cells and vessels are enmeshed in an inflamed and 
edematous stroma. (B) At high magnification, atypical myofibroblasts are apparent, together with extravasated red blood cells. (C) 
Myxoid stroma. (D) In this focus, the myofibroblasts have epithelioid features that may be mistaken for urothelial carcinoma. (E) 
Note the presence of eosinophils. (F) Intense vimentin immunoreactivity in the spindle cells. 
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Figure 19-10 Inflammatory myofibroblastic tumor. Tumor Figure 19-11 Inflammatory myofibroblastic tumor, hypercel- 
invades the muscularis propria. lular variant. 


Soft Tissue Tumors 


-P 


eet Wie 
SER SES 


Geli nae NP AN tat Pe 


Figure 19-13 Inflammatory myofibroblastic tumor (A and B). 


Note the presence of cytologic atypia and ganglion-like cells. 


Figure 19-14 Inflammatory myofibroblastic tumor, sclerotic 
variant (A and B). 


chromosome 2p23 ALK region in its native state will be 
seen as two immediately adjacent or fused orange/green 
signals. If a break-apart occurs at the 2p23 ALK break- 
point region, paired orange/green signals split and separate 
orange and green signals will be seen, while the remaining 
native ALK region will still be visible as an orange/green 
fusion signal. A number of investigators have used this 
technology to detect alterations in the ALK gene, and it is 
notable that ALK rearrangements are demonstrable in gen- 
itourinary IMT lesions occurring both with and without a 
history of prior instrumentation. 


Differential Diagnosis 

The differential diagnosis of bladder IMT includes both 
benign and malignant lesions (Tables 19-1 and 19-2). 
Nodular fasciitis is a benign lesion that can be mim- 
icked by the myxoid/vascular histologic pattern in an 
IMT. Although rare, leiomyoma is the most common 
benign soft tissue tumor in the bladder. Leiomyoma has 


Figure 19-15 Inflammatory myofibroblastic tumor (A and B) 
displays positive immunostaining for ALK (B). 


an immunophenotype similar to that of IMTs, staining 
positively for vimentin, SMA, and desmin. PSCNs are also 
benign and have an immunophenotype similar to that of 
IMTs; however, the clinical scenario includes a history of 
instrumentation, and PSCNs are typically 1 cm or less in 
greatest dimension. Some authors consider that PSCNs fall 
into the continuum spectrum of IMTs.!4 

Malignant lesions in the differential include leiomyosar- 
coma, sarcomatoid carcinoma, RMS, and urothelial carci- 
noma with pseudosarcomatous stroma. Leiomyosarcoma is 
the most common sarcoma in adult bladders. Atypical spin- 
dle cells with occasional mitotic figures may be seen in 
IMTs, but overt malignant feature such as atypical mitoses 
are absent. 

Histologically, leiomyosarcoma and IMTs share certain 
common findings: both may have components of spindled 
cells with fibrillar eosinophilic or vacuolated cytoplasm; 
the background stroma may be extensively myxoid; and 
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Figure 19-16 Inflammatory myofibroblastic tumor (A to C) 
displaying positive immunostaining for ALK (C). 
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Figure 19-17 Inflammatory myofibroblastic tumor (IMT) of 
the urinary bladder. (A) Morphologic appearance of 
inflammatory myofibroblastic tumor. (B) FISH analysis for the 
ALK gene break-apart rearrangement in IMT of urinary 
bladder. Typical FISH image of nuclei with the ALK gene 
rearrangement shows the native ALK region as red/green 
fusion signals (white arrows), whereas the break-apart ALK 
region is depited as a red and green signal pattern (yellow 
arrows). The break-apart signal patterns were observed most 
frequently in the tumor cells with polymorphic morphology. 
Red signals: ALK upstream; green signals: ALK downstream. 
C. The human ALK gene spanning a region of about 728 kb 
on chromosome 2p23. LSI ALK dual color probe set contains 
ALK upstream (Spectrum Orange labeled, red signal) and ALK 
downstream (Spectrum Green labeled, green signal) probes. 
The probes hybridize upstream and downstream of the ALK 
breakpoint cluster region (blue box). The chromosome 2p23 
ALK region in its native state will be seen as two immediately 
adjacent or fused red/green signals (Normal). If a break-apart 
occurred at the 2p23 ALK breakpoint region, paired red/green 
signals split and separate red and green signals will be seen 
(Break-apart), while the remaining native ALK region will still 
show a red/green fusion signal. (From Ref. 1; with permission.) 
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Figure 19-17 (Continued) 


both may include aggregates of inflammatory cells, predom- 
inantly lymphocytes, and plasma cells. Leiomyosarcoma, 
however, typically exhibits at least mild to moderate nuclear 
pleomorphism, necrosis, and atypical mitotic figures. 

Both IMTs and urothelial carcinoma with pseudosarco- 
matous stroma are usually immunoreactive for vimentin and 
muscle-specific actin, but there may also be aberrant expres- 
sion of cytokeratins in these lesions. ALK-1 immunostain- 
ing and FISH analysis could be valuable in the differential 
diagnosis, especially in limited small biopsy specimens. 

Sarcomatoid carcinoma and low grade sarcoma are 
important differential diagnostic considerations. The pres- 
ence of typical fibroblasts, high cellularity and frequent 
mitoses in IMTs may raise concern for malignancy, but 
the lack of moderate to severe cytologic atypia, atypical 
mitotic figures, and extensive necrosis should lead one 
toward a benign diagnosis.*°*” Additionally, IMTs often 
feature a myxoid background, inflammatory infiltrate, 
and prominent, slit-like vessels that are suggestive of 
benignity.*’8 However, there is a subtype of sarcomatoid 
carcinoma, with myxoid or sclerotic foci, containing widely 
dispersed, mildly atypical cells that strongly resemble 
IMTs, further complicating the issue.*? 

IMTs are frequently immunoreactive for pancytokeratin, 
which is noteworthy when differentiating an IMT from 
sarcomatoid carcinoma. However, p63 is not expressed 
in IMTs and, when positive, supports the diagnosis of 
sarcomatoid carcinoma over IMTs (see also Chapters 
16 and 26). Westfall et al. investigated the use of a 
comprehensive immunohistochemical panel—cytokeratin 
AE1/AE3, high molecular weight cytokeratin 348E12, 
cytokeratin 5/6 (CK5/6), SMA, and ALK-1—in the differ- 
ential diagnosis of 22 sarcomatoid carcinomas, 17 IMTs, 
and 13 leiomyosarcomas.*? CK5/6 immunostaining and 
p63 immunostaining were positive only in the sarcomatoid 
carcinomas (27% and 70%, respectively), whereas ALK-1 
immunostaining was positive only in the IMTs (20%). 
Another high molecular weight cytokeratin 348E12, 
showed results relatively similar to those for CK5/6 and is 
a good alternative to it. Cytokeratin AE1/AE3 and SMA 
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Table 19-1 Differential Features of Selected Soft Tissue Tumors of the Urinary Bladder 
Cytologic Atypical Tumor 
Tumors Atypia  Mitoses Mitoses Necrosis 
Inflammatory Minimal Few Absent Surface only 
myofibroblastic 
tumor 
Postoperative spindle Minimal Variable Absent Absent 
cell nodule 
Leiomyoma Minimal Rare Absent Absent 
Neurofibroma Varies Absent Absent Absent 
Sarcomatoid Present Present Present Present 
carcinoma 
Leiomyosarcoma Present Present Present Present 
Angiosarcoma Present Present Present May be present 
Malignant fibrous Present Present Present Present 
histiocytoma 
Rhabdomyosarcoma Present Present Present Varies 
Table 19-2 Immunohistochemistry in Selected Soft Tissue Tumors and Sarcomatoid Carcinoma? 
Sarcomatoid 
IMT Leiomyoma Neurofibroma PSCN Carcinoma 
ALK-1 pos = rare pos neg = 
a,-Antichymotrypsin = = 
CD68 = = 
Cytokeratin pos/neg — neg neg/pos pos 
EMA pos/neg = neg neg pos 
h-Caldesmon — pos 
Muscle-specific actin pos pos — pos pos/neg 
Desmin pos/neg pos — Pos/neg neg/pos 
MyoD1 = = 
Myogenin — — 
Myoglobin neg = 
Smooth muscle actin pos pos — Pos/neg neg/pos 
NSE/chromogranin = = pos/neg = = 
S100 protein neg — pos = = 
Vimentin pos pos — pos pos/neg 
CD31 — — 
CD34 — — 


Factor VIII antigen 


Neg/pos 


Other 
Features 


Delicate capillaries 


Delicate capillaries 


Well-circumscribed 
Strands of collagen 


Concomitant urothelial 
carcinoma or 
carcinoma in situ 


Uniform appearance 
Anastomosing vessels 


Multinucleated cells 


Cambium layer in 
embryonal 
rhabdomyosarcoma, 
alveolar appearance 


Rhabdomyosarcoma Angiosarcoma 


neg/pos neg 
neg = 
neg = 
pos neg 
pos neg 
pos neg 
pos neg 
pos/neg neg 
neg/pos neg 
neg/pos neg 
neg neg 
pos pos 
— pos 
neg pos 
— pos 


4IMT, inflammatory myofibroblastic tumor; PSCN, postoperative spindle cell nodule; MFH, malignant fibrous histiocytoma; ALK, anaplastic lymphoma kinase; EMA, 
epithelial membrane antigen; NSE, neuron-specific enolase. pos/neg, tumors often immunoreactive for antigen; neg/pos, tumors occasionally immunoreactive for antigen; 
—, no information available or test infrequently used in this setting. 
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were not as helpful in determining the diagnosis, because 
both demonstrated significant positivity in all three types of 
tumors: IMT (70% and 100%, respectively), leiomyosar- 
coma (58% and 85%, respectively), and sarcomatoid 
carcinoma (70% and 73%, respectively). SMA positivity 
in the absence of other markers favors leiomyosarcoma. 

RMS, particularly the embryonal subtype, is an impor- 
tant consideration in children, but can be differentiated from 
IMTs by careful attention to morphologic features and by 
positive immunohistochemical staining for MyoD1 or myo- 
genin. 


Elements of Controversy 

There are a number of uncertainties regarding IMTs. For 
example, how does one define IMTs? Does the definition 
require a consideration of clinical parameters, such as the 
age of the patient, or a history of instrumentation? Does the 
definition hinge upon the immunophenotype of the tumor, 
or upon the presence or absence of demonstrable gene rear- 
rangements? Is an IMT a single entity or a spectrum of 
lesions ranging from benign to clearly malignant? Harik 
et al. have proposed that PSCNs and IMTs are essentially 
indistinguishable from one another, and should be classified 
as a single entity with the descriptive name of “pseudosar- 
comatous myofibroblastic proliferation (PMP).'*” Review 
of their 42 cases showed the tumors to be indistinguish- 
able by gross, microscopic, or immunophenotypic criteria. 
The chief differences between these entities are clinical; a 
PSCN is preceded by a traumatic event, such as surgery 
or instrumentation, and tends to occur in a slightly older 
age group. Other investigators have reported that PSCNs 
tend to be smaller than PMPs, have a higher mitotic rate, 
and occasionally have eosinophils present.*! Furthermore, 
it has been postulated that IMTs occurring in childhood 
are distinctly different entities from the lesions occurring 
in older patients that fall under the designation of PMPs, 
and that childhood IMTs have a more aggressive course 
than PMPs.'* However, there is significant morphologic 
and genetic overlapping between pediatric and adult IMTs, 
suggesting that pediatric and adult IMTs may not be fun- 
damentally different from each other. 174? 

One study sought to compare ALK involvement between 
PMPs and IMTs in the genitourinary tract. Researchers 
found that 42% of PMPs had cytoplasmic staining for ALK, 
but no rearrangements were detected by FISH.*! This con- 
trasts with IMTs, in which more than one-half of cases 
showed gene alterations. The difficulty with this study was 
that it was unclear how the investigators subclassified the 
tumors into two separate groups prior to the performance 
of the stains and FISH studies. At any rate, the study raises 
the question of whether the diagnosis of an IMT requires 
molecular confirmation of ALK rearrangement in order to 
make the diagnosis. The findings also suggest that an IMT 
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is a neoplastic process, whereas PMPs that lack gene rear- 
rangements may be reactive/reparative in nature.*! 

It has been hypothesized that an IMT in the genitouri- 
nary tract is a low grade inflammatory sarcoma.!! Meis and 
Enzinger, in 1991, reported lesions in the retroperitoneum, 
mesentery, mediastinum, and abdominal peritoneum, which 
they regarded as fibrosarcomas with mature myofibroblasts, 
fibroblasts, and intense inflammatory infiltrate and distin- 
guished these lesions from morphologically similar IMTs, 
based on their biologic behavior, noting that the fibrosarco- 
mas were more aggressive than IMTs, with 37% recurring 
locally, 10% metastasizing, and 18% causing death.*? 
Inflammatory fibrosarcoma involving the genitourinary 
tract is rare. In one case, inflammatory fibrosarcoma devel- 
oped in the prostate of a patient four years postirradiation 
for prostate cancer.'* The fibrosarcoma recurred four 
months after resection and metastasized to the abdominal 
cavity, resulting in death nine months later. The lesion 
was reportedly histologically similar to an IMT except 
for hyperchromasia of the spindle cell nuclei. Weidner 
described a case of abdominal inflammatory fibrosarcoma 
which also involved the bladder.’ Histologically, the 
spindle cells had “malignant nuclear features, including 
irregular coarsely clumped chromatin, large inclusion-like 
nucleoli, and a more uniform fascicular growth pattern that 
somewhat resembles leiomyosarcoma and/or malignant 
fibrous histiocytoma” with rare mitoses. Otherwise, the 
tumor was considered to be morphologically similar to 
PSCNs and IMTs. There is also a case where one bladder 
lesion displayed both IMT and sarcomatoid features, with 
evidence of ALK gene alteration, but behaved clinically 
like a malignant inflammatory fibrosarcoma.** Cases of 
this sort suggest that IMTs may be part of a continuum, 
with benign pseudosarcomatous entities at one end and 
low grade sarcomas at the opposite end. 

A number of questions regarding IMTs of the genitouri- 
nary tract remain unresolved. It is unclear whether IMTs 
are separable from PSCNs on morphologic, immunohisto- 
chemical, or molecular grounds. Questions concerning the 
malignant potential of IMTs, and how ALK expression and 
gene rearrangements can be related to the biologic behavior 
of such lesions, await further elucidation. Available evi- 
dence allows one to hypothesize that IMTs are part of a 
continuum bordered by benign pseudosarcomatous lesions 
at one end and low grade sarcomas at the opposite end. 
Future studies of IMTs will benefit from further use of FISH 
and other molecular studies in clarifying the significance of 
abnormalities of the ALK gene and possibly other genes 
as well. Hopefully, such studies will assist in establishing 
diagnostic and prognostic criteria for these rare, fascinating, 
and enigmatic lesions. 

For practical purposes, an IMT of the genitourinary tract 
should be considered a neoplasm of uncertain malignant 
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potential, and routine surveillance and close clinical fol- 
lowup are recommended. Aggressive therapy (radical cys- 
tectomy, radiation, or chemotherapy) is unwarranted given 
the indolent and often benign clinical course for the major- 
ity of the diseases. In attempting to understanding diag- 
nostic and prognostic implications, future emphasis will be 
placed on the linkage of genetic abnormalities with clinical 
course, therapeutic response, and ultimate outcome. 


Postoperative Spindle Cell Nodule 


Proppe et al. first described PSCNs in a series of 
eight patients, four women and four men. Following 
Proppe’s report, other cases of PSCNs in the bladder were 
described.?!44142.44-49 Tt may be seen in both genders 
months after surgical instrumentation or resection. It is 
characterized by nodules up to 4 cm in size occurring 
in the lower genital tract and lower urinary tract. The 
average size of the lesion in one series was 1.5 cm.*! 
Patients ranged in age from 29 years to 79 years, and 
typically presented with hematuria and/or obstructive 
voiding symptoms. Some PSCNs were found incidentally 
by CT scan or at cystoscopy. A tumor may rarely recur, 
but metastasis has not been reported. 

Microscopically, the tumors are uniform, composed 
of intersecting fascicles of plump spindle cells with 
delicate vessels, focal hyalinization, and moderate collagen 
deposition (Figs. 19-18 and 19-19). The spindle cells 
have abundant, tapering, eosinophilic cytoplasm. The 
nuclei vary only slightly in size, and there is no cytologic 
atypia. There are numerous mitotic figures, none of which 
is abnormal. These lesions often have surface mucosal 
ulceration with acute inflammatory cells in the ulcer bed, 
as well as scattered chronic inflammatory cells in lamina 
propria. Moderate edema and small foci of hemorrhage 
may be identified, but necrosis is absent. Foreign body 
giant cells and prominent eosinophilia may be seen.*! 

Immunohistochemically, lesional cells of PSCN show 
positive staining for cytokeratins AEI/AE3, CAMS.2, 
and vimentin in some nodules; in other nodules, only 
immunoreactivity for vimentin is present.*° Iczkowski 
reported immunohistochemical reactivity for vimentin, 
desmin, and SMA.*! Weak reactivity for pancytokeratin 
and for p53 were also noted in some cases.*! ALK-1 
immunostaining was negative. 

The differential diagnoses for PSCNs also includes 
sarcomatoid carcinoma, myxoid leiomyosarcoma, RMS, 
and malignant fibrous histiocytoma (MFH) (Tables 19-1 
and 19-2). Key features of malignant tumors, which 
are generally absent in myofibroblastic proliferations, 
include cytologic atypia, atypical mitoses, and tumor 
necrosis (other than at the surface). PSCNs often show 
a predominance of chronic over acute inflammation with 
surface ulceration. In some studies, p53 immunostaining 


Figure 19-18 Postoperative spindle cell nodule. Elongated 
spindle cells with eosinophilic cytoplasm are shown 
(A and B). 


was thought to be helpful in distinguishing benign lesions 
with only rare immunoreactive cells from malignant 
mesenchymal neoplasms, which showed stronger and 
more diffuse p53 immunoreactivity.4!°° Sarcomatoid 
carcinomas show more pronounced and more diffusely 
positive immunostaining for cytokeratin, have cytologic 
atypia, and often have an epithelial component in addition 
to the mesenchymal proliferation.*© 


Benign Soft Tissue Tumors 


Leiomyoma 


Although leiomyoma of the bladder is rare, it is the most 
common benign soft tissue neoplasm of the bladder.>! Of 
the 37 cases reported in a recent review, 59% occurred 
in patients in the third through sixth decades of life, with 
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Figure 19-19 Postoperative spindle cell nodule (A to C). 
Each of these tumors arose in patients within 3 months of 
transurethral resection of the bladder. The spindle cells with 
slightly enlarged nuclei are admixed with chronic and acute 
inflammation. 


an average patient age of 44 years. Seventy-six percent 
of patients were women. Presenting symptoms included 
obstructive symptoms such as retention and frequency of 
micturition (49%); irritative symptoms such as burning, 
dysuria, or urgency (38%), hematuria (11%), and flank pain 
(13%); and 19% of patients were asymptomatic. Bimanual 
exam revealed a palpable pelvic mass in 57%. Cystoscopy 
with biopsy was deemed the most useful diagnostic pro- 
cedure. Tumors were most often intravesical; a minority 
were extravesical or predominantly intramural.°* Excision 
is usually curative. No recurrences or metastases have been 
observed. 

Grossly, the tumors are typically small, well- 
circumscribed, white, and fleshy without necrosis 
(Fig. 19-20).>> Goluboff et al. reported tumor sizes ranging 
from 1.5 cm to 25 cm, with an average size of 5.8 cm. 
The 10 bladder leiomyomas in the series of Martin et al. 
had an average size of 1.6 cm; no site predilection within 
the bladder was evident in this series.” 

Microscopically, leiomyomas consist of intersecting 
fascicles of smooth muscle cells with moderate to abundant 
eosinophilic cytoplasm (Figs. 19-21 and 19-22). They 
usually display only modest cellularity without evidence 
of myxoid change. Nuclei are oval to cigar-shaped, 
centrally located, blunt-ended, and devoid of significant 
atypical changes such as hyperchromasia, pleomorphism, 
or individual cell necrosis. Mitotic figures are absent. 
Kunze described three such tumors with the additional 
finding of “numerous interspersed medium-sized, thick- 
walled vessels lined by inconspicuous flat to cuboidal 
endothelial cells,” designating these as angioleiomyomas.** 
Immunohistochemically, most leiomyomas of the blad- 
der exhibit strong diffuse immunoreactivity for SMA, 
muscle-specific actin, desmin, and vimentin. Martin et al. 


Figure 19-20 Leiomyoma. Gross view. This large centrally 
hemorrhagic tumor consists entirely of benign smooth muscle 
cells (B) without cytologic atypia, necrosis, or mitotic figures. 
The patient is alive and free of recurrence after 11 years. 
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Figure 19-21 Leiomyoma. The tumor is composed of 
intersecting fascicles of smooth muscle cells with eosinophilic 
cytoplasm (A). Higher magnification shows cigar-shaped 
blunt-ended nuclei without atypia (B). 
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Figure 19-22 Leiomyoma. 


reported immunopositivity for CD34 in three of 10 tumors. 
Leiomyomas are usually negative for cytokeratin and S100 
protein.” 


Hemangioma 


Bladder hemangioma is a rare benign lesion (Figs. 19-23 to 
19-27). The largest series of bladder hemangiomas reported 
to date, that of Cheng et al., comprised 19 patients with a 
male-to-female ratio of 3.7:1.°> In this series, the mean 
age at time of diagnosis was 58 years; previous reports 
indicated that the lesion occurred in all age groups but was 
most often diagnosed in patients less than 30 years old.55 
Multiple hemangiomas/lymphangiomas may be associ- 
ated with syndromes predisposing to their development, 
including Klippel-Trenaunay—Weber and Sturge—Weber 
syndromes (Fig. 19-28). The most common presenting 
symptom is gross hematuria; other reported complaints 
include irritative voiding symptoms and abdominal pain.>° 
Effective conservative treatment consists of biopsy with 


Figure 19-23 Capillary hemangioma (A and B). 
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Figure 19-24 Bladder hemangioma (A and B). 


Figure 19-28 Lymphangioma in a patient with 
Figure 19-25 Capillary hemangioma. Klippel-Trenaunay—Weber syndrome. 
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or without fulguration. After such treatment, none of the 
19 patients in the series of Cheng et al., with a mean 
followup of 6.9 years, developed recurrence, nor did any 
have untoward sequelae. 

Cystoscopically, a sessile blue raised mass may be 
seen, most often on the posterior and lateral walls of the 
bladder.>> These lesions are usually small. Cheng et al. 
reported a median size of 0.7 cm; the majority is reportedly 
<3 cm. 

The most common hemangioma occurring in the blad- 
der is of cavernous type; much less frequent are capillary or 
arteriovenous types. Histologically, these lesions are identi- 
cal to hemangiomas found at other sites. Kunze, in a series 
of 30 primary mesenchymal tumors, identified two heman- 
giomas, one of which was of capillary type, composed 
of myriad small blood vessels lined by flat to cuboidal 
bland-appearing endothelial cells and separated by mod- 
erate amounts of fibrous tissue.°* The other hemangioma 
in this series was of mixed capillary and cavernous type, 
composed of innumerable proliferating capillaries admixed 
with thin-walled, dilated blood-filled vessels lined by flat 
endothelial cells.*+ 

The differential diagnosis for bladder hemangioma 
includes angiosarcoma and Kaposi sarcoma, both of 
which exhibit cytologic atypia. Both exuberant granulation 
tissue and papillary—polypoid cystitis are characterized by 
prominent inflammation, which is not typically seen in 
hemangioma.» Other entities that warrant consideration 
in the differential diagnosis include prior biopsy site, 
chemotherapy effect, or changes secondary to radiation 
therapy; clearly, clinical history is essential in arriving 
at a correct diagnosis.*+ It is important to remember 
that adenovirus-associated hemorrhagic cystitis occurs in 
children and in immunosuppressed patients; biopsies from 
such lesions may exhibit viral cytopathic changes and 
intranuclear inclusions within epithelial cells. 


Neurofibroma 


Neurofibroma of the urinary bladder is rare. Most of these 
lesions occur in the setting of neurofibromatosis type 1 
rather than as isolated lesions.>° Classically, neurofibromas 
of the urinary bladder occur in young patients with a 
slight male predominance. The average age at diagnosis 
is 17 years. Presenting symptoms include hematuria, 
irritative symptoms, and pelvic mass. Neurofibroma is 
a benign, probably neoplastic tumor of various nerve 
sheath cells, including Schwann cells, perineurium-like 
cells, fibroblasts, and intermediate-type cells (Figs. 19-29 
to 19-31).°’ The histologic findings are the same as in 
neurofibromas of other organs: tumors are composed 
of a hypocellular proliferation of spindle cells, loosely 
arranged into fascicles with scattered “shredded carrot” 
bundles of collagen. Individual cells have wavy, bland 


Figure 19-29 Neurofibroma. (A) Submucosal involvement 
by neurofibroma. (B) Neurofibroma of bladder consisting of a 
proliferation of spindle cells with scattered bundles of 
collagen. 


nuclei. In a recent series by Cheng et al., three of four 
bladder neurofibromas were transmural with both dif- 
fuse and plexiform growth patterns.5® Another case had 
only a diffuse pattern with submucosal involvement and 
subepithelial pseudomeissnerian corpuscles on biopsy. 
Areas of diffuse involvement were hypocellular with small 
to medium-sized spindle cells with ovoid to elongated 
nuclei in a collagenized matrix. A few mast cells were 
present. Immunohistochemical staining was reactive in 
all cases for S100 protein as well as type IV collagen.>° 
Three were positive for neurofilament protein in axons. 
A recent report indicates that bladder neurofibromas do 
not express ALK-1 protein. The differential diagnosis of 
bladder neurofibroma includes other spindle cell tumors, 
such as leiomyoma, PSCN, inflammatory pseudotumor, 
low grade leiomyosarcoma, other nerve sheet tumors, and 
rarely, RMS. 
See Chapter 15 for further discussion. 
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Figure 19-30 Neurofibroma with superficial, band-like 
subepithelial pseudo-meissnerian corpuscles. 


Figure 19-31 Neurofibroma with ganglion cell involvement 
(A and B). 


Schwannoma 


See Chapter 15 for further discussion. 


Solitary Fibrous Tumor 


Four cases of solitary fibrous tumor of the urinary bladder 
have been described.*8°? Three occurred in men and one 
in a woman, ranging in age from 42 years to 67 years. Two 
patients experienced genitourinary symptoms including 
pelvic pressure, while two were found incidentally. Solitary 
fibrous tumors confined to the bladder have demonstrated 
no evidence of recurrence after followup ranging from 1 
month to 18 months.>*>° However, Westra et al. reported 
one genitourinary solitary fibrous tumor, not confined to the 
bladder, that had atypical features associated with an unfa- 
vorable clinical outcome. These features included higher 
cellularity, cellular pleomorphism, and increased mitotic 
rate. Followup of this tumor was limited to 9 months.*8 

The tumors ranged in size from 4 cm to 20 cm. Two were 
described as polypoid with an intact mucosa. Grossly, the 
tumors were well-circumscribed and yellow-white on the 
cut surface. Some were solid with a whirling appearance, 
while one was cystic.>**? 

Microscopically, the tumors were characterized by a pro- 
liferation of cytologically bland spindle cells within a fibro- 
collagenous background. The cellular arrangement was pat- 
ternless; some had alternating areas of hypocellularity and 
hypercellularity. Nuclei were slender with fine chromatin 
and a pale rim of eosinophilic cytoplasm. Some tumors had 
nuclear pseudoinclusions. Other areas had plump fusiform 
and polygonal cells. Prominent vascularity with thin-walled 
branching vessels and hyalinized thick-walled vessels was 
identified. One tumor had these benign features focally, 
while the remainder of the tumor was highly cellular with 
cellular pleomorphism and 10 mitoses per 10 high power 
field (hpf).8 The remaining tumors had fewer than 2 
mitoses per 10 hpf and showed little atypia.*8>? 

All tumors displayed diffuse, positive immunohisto- 
chemical staining for CD34.°? Two also were immunore- 
active for CD99, while one tumor was focally immunoreac- 
tive for -SMA and muscle-specific actin. Immunostains 
for S100 protein, cytokeratin, and CD31 were negative. 

The differential diagnosis for solitary fibrous tumor 
of the bladder includes other spindle cell lesions, such 
as PSCN, IMT, malignant peripheral nerve sheath tumor 
(MPNST), leiomyosarcoma, and MFH. Use of routine light 
microscopy can usually establish the diagnosis; however, 
diffuse immunohistochemical staining with CD34 is 
very useful in distinguishing this tumor from the others 
mentioned.**? 


Paraganglioma 


Paraganglioma of the urinary bladder is rare. It is thought 
to arise from embryonic nests of chromaffin cells in the 
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sympathetic plexus of the detrusor muscle. Although 
most are indolent, it must be kept in mind that 10% of 
extraadrenal pheochromocytomas (hormonally active para- 
gangliomas) behave in a malignant fashion.’ Malignancy 
in these tumors can only be confirmed by the occurrence 
of regional or distant metastases. There are no reliable 
histologic features to distinguish between benign and 
malignant tumors or to predict biological behavior. 

Presenting symptoms of paraganglioma include hema- 
turia, hypertension, and other symptoms of catecholamine 
excess.©-®! The tumor is usually intramural and some are 
multifocal (Fig. 19-32). Tumors are typically located in the 
lateral and posterior bladder wall.® The largest reported 
series, by Cheng et al., included 16 patients with primary 
paraganglioma of the bladder, followed for a mean of 6.3 
years. The tumor occurred most often in young adult 
women; the patients ranged in age from 16 years to 74 
years, with a mean age of 45 years. The male-to-female 
ratio was 1 : 3. In 37% of patients, tumors involved perivesi- 
cal soft tissues or adjacent organs at the time of diagno- 
sis. No metastases or tumor recurrences were observed in 
patients whose tumors were confined within the mucosa 
or muscularis propria of the bladder. Of the six patients 
whose tumors extended beyond the confines of the bladder, 
one had regional nodal metastasis and another had distant 
metastases at the time of diagnosis, one developed metas- 
tases one year after diagnosis and died of the disease 1.5 
years later, and one had a recurrence three years after diag- 
nosis. 

Histologically, bladder paraganglioma is similar to its 
counterparts in other body sites; most are covered by nor- 
mal urothelium. The tumor consists of round or polygo- 
nal epithelioid cells with abundant eosinophilic or granular 
cytoplasm (Figs. 19-33 and 19-34). The cells are arranged 
in discrete nests (Zellballen pattern), with intervening vas- 
cular septa.-®? Sustentacular cells may be present, high- 
lighted by immunostaining for S100 protein. 


Figure 19-32 Paraganglioma of the urinary bladder. (From 
Ref. 60; with permission.) 


<P > N, Soe REA a 
Figure 19-33 Paraganglioma of the bladder. Discrete nests 
of tumor cells are typical. The tumor is composed of round to 
polygonal epithelioid cells with central, vesicular nucleus. 
Cells are arranged in discrete nests (Zellballen pattern) with 
intervening septa. 


Figure 19-34 Paraganglioma (A and B). Tumor cells have 
abundant amphophilic cytoplasm. Note the intervening 
vascular septa. 
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See Chapter 15 for further discussion. 


Granular Cell Tumor 


Granular cell tumors, which are of neural origin, are rarely 
encountered in the urinary bladder. Several cases of benign 
granular cell tumors, as well as a case of malignant granular 
cell tumor, appear in the medical literature.°-° One case 
occurred in a patient with neurofibromatosis.” Granular 
cell tumors at all sites occur most often in the fourth to 
sixth decades, although they may occur at any age. Granular 
cell tumors of the bladder have been reported to occur in 
patients ranging from age 23 years to 61 years and measure 
up to 9 cm in greatest dimension. They may be multifocal. 
See Chapter 22 for further discussion. 


Malignant Soft Tissue Tumors 


Leiomyosarcoma 


Although leiomyosarcoma is the most common malignant 
mesenchymal tumor of the urinary bladder in adults, it 
is still relatively very rare, accounting for less than 1% 
of all bladder malignancies.’ Patients range in age from 
15 years to 75 years, with most patients presenting in the 
sixth to eighth decades.*+”° There is a male predominance 
of over 2:1.7! Some leiomyosarcomas have reportedly 
developed 5 years to 20 years after the administration of 
cyclophophamide.’”> Acrolein, a degradation product of 
cyclophosphamide, is thought to be the causative agent in 
such cases. The most common presenting complaint (in 
80%) is gross hematuria; less frequently, patients complain 
of dysuria or obstructive voiding symptoms, or are noted 
to have an abdominal mass. Any part of the bladder may 
be involved by leiomyosarcoma, but the dome, followed 
by the lateral walls, are the most common tumor sites.’ 
A recent review of 18 bladder leiomyosarcomas showed 
them to be “aggressive neoplasms” with more than 60% 
of patients developing metastases or dying of recurrent 
or metastatic tumor." Higher grade tumors had a worse 
prognosis. Most low grade tumors have a lower risk of 
recurrence or metastasis." When feasible, treatment 
generally involves surgical excision of the lesion. 

Grossly, leiomyosarcomas are often large and polypoid; 
they are unencapsulated and usually exhibit full-thickness 
involvement of the bladder wall (Fig. 19-35). They are 
described variously as firm, fleshy, or fibrous masses 
that may have a mucoid or myxoid consistency, hem- 
orrhagic and/or focally necrotic areas, and often surface 
ulceration.!°°3 

Suggested criteria for the diagnosis of malignancy in 
a true smooth muscle neoplasm of the bladder include 


Figure 19-35 Leiomyosarcoma. The bladder lumen is filled 
and distorted by a large necrotic mass. 


the following: significant nuclear pleomorphism with 
hyperchromasia and irregular nuclear membranes (usually, 
readily identifiable at low power), coagulative tumor cell 
necrosis, increased mitotic activity, and infiltration of 
the muscularis propria (Figs. 19-36 to 19-39).”4 It seems 
reasonable to require the presence of more than just 
one of these features in a given tumor in order to diag- 
nose leiomyosarcoma. The majority of leiomyosarcomas 
are moderately or well-differentiated. Several variants, 
including myxoid (Fig. 19-40) and epithelioid histologic 
subtypes, have been described. Grading is based on the 
degree of cytologic atypia. The diagnosis of a low grade 
leiomyosarcoma should be made for a cellular tumor with 
some mitotic activity (<5 mitotic figures per 10 hpf), 
mild to moderate cytologic atypia, minimal necrosis, and 
an infiltrative margin.'°’! Martin et al. define high grade 
leiomyosarcoma as having moderate to marked cytologic 
atypia, with more than 5 mitotic figures per 10 hpf and/or 


Figure 19-36 Leiomyosarcoma. The tumor is composed of 
fascicles of malignant spindle cells with significant nuclear 
pleomorphism and hyperchromasia. 
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Figure 19-37 Leiomyosarcoma. Note the bizarre atypical 
mitotic figure. 


Figure 19-38 Leiomyosarcoma with an area of necrosis. 


abundant necrosis.’ Histologically, well-differentiated 


tumors have interlacing bundles and fascicles of spindled 
and elongated cells with eosinophilic cytoplasmic pro- 
cesses, and hyperchromatic nuclei with or without small 
nucleoli.-? high grade leiomyosarcomas are typically com- 
posed of spindle cells with highly pleomorphic vesicular 
nuclei, with macronucleoli and often bizarre mitotic figures, 
sometimes interspersed with multinucleated giant cells.** 
Tumors with prominent myxoid backgrounds may demon- 
strate slightly atypical spindle cells haphazardly arranged.” 
Surface inflammation in the form of lymphoplasmacytic 
infiltrates may be present.”? Myxoid leiomyosarcoma may 
contain moderate numbers of thin-walled blood vessels. 
Kunze et al. described two epithelioid leiomyosarcomas as 
having predominantly rounded tumor cells with clear and 
often markedly vacuolated cyotoplasm.** Other foci had 
cells with long eosinophilic cytoplasmic processes lying 
within a myxoid stroma. 


Figure 19-39 Epithelioid leiomyosarcoma (A and B). Tumor 
with nuclear atypia, atypical mitotic figures, and 
inflammation. 


Figure 19-40 Leiomyosarcoma. The spindle cells are 
arranged in fascicles with a prominent myxoid stroma. 
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Immunohistochemically, leiomyosarcomas usually stain 
positively for muscle-specific actin (100%) and vimentin 
(>90%). Desmin staining may be weak or focal and 
is reported in 0% to 60% of cases. Leiomyosarcoma 
infrequently shows scattered positive staining for epithelial 
markers, including cytokeratins CAM5.2 and AE1/AE3 
(10% positivity overall) and epithelial membrane antigen 
(EMA) (5% positivity overall). ALK-1 immunostains are 
usually negative.*4+>3,70:74.75 

Leiomyosarcoma must be differentiated from sev- 
eral other tumors, including leiomyoma, sarcomatoid 
carcinoma, RMS, PSCNs, and IMTs (Tables 19-1 and 
19-2). The diagnosis of a leiomyoma should be reserved 
for circumscribed, noninfiltrating lesions demonstrating 
virtually no mitotic activity and minimal cytologic atypia. 
Sarcomatoid carcinoma is often accompanied by a history 
of a high grade urothelial carcinoma or the presence of 
associated urothelial carcinoma, in situ or invasive. 
Therefore, extensive tissue sampling is recommended. 
Immunohistochemical staining in sarcomatoid carcinoma 
is generally positive for low-molecular-weight cytoker- 
atin and EMA. Sarcomatoid carcinoma usually shows 
negative immunostaining for myogenous markers such 
as desmin and muscle-specific actin, although rarely it 
may be diffusely positive. While leiomyosarcomas may 
show cytokeratin immunoreactivity, the staining pattern is 
usually focal or patchy and often weak.” RMS may have 
a myxoid appearance, but this tumor is extremely rare 
in adults. The presence of cross-striations in tumor cells, 
a cambium layer, or positive staining for myogenin, all 
features of RMS, can help differentiate these two tumors. 
A malignant tumor without an obvious carcinomatous 
component, strong, diffuse, desmin and actin reactivity, 
with only focal or absent cytokeratin expression, is proba- 
bly a leiomyosarcoma. PSCNs, IMTs, and leiomyosarcoma 
can all exhibit abundant mitotic activity, infiltrative 
growth patterns, and inflammation; only leiomyosarcoma 
demonstrates cytologic atypia. PSCNs and IMTs often 
show positive immunostaining for epithelial markers.’° 


Rhabdomyosarcoma 


Approximately 20% of primary RMSs arise in the urinary 
bladder. RMS is a tumor of childhood and adolescence 
(see also Chapter 18).*7° Indeed, RMS is the most com- 
mon malignant tumor of the bladder in children, show- 
ing a slight male predominance.545777-9%3 A handful of 
reports in the literature have described bladder RMSs in 
adults.82-83°3-°5 The prognosis of adult RMSs is generally 
poor; most patients died of diseases within months after the 
diagnosis. 

The classic presenting symptom of RMS is gross 
hematuria. These tumors may also present with an abdom- 
inal mass or obstructive voiding symptoms.** The most 
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frequent site of involvement is the region of the trigone, 
making partial cystectomy difficult. Several histologic 
variants of RMS are seen in the bladder, with embryonal 
RMS (including the botryoid subtype), being the most 
common. Grossly, embryonal RMS, especially the botryoid 
variant, often appears as a polypoid and lobulated mass 
protruding into the bladder lumen. A tumor is composed 
of polypoid masses containing condensed rhabdomy- 
oblasts immediately beneath the epithelium (cambium 
layer) and an edematous stroma with dispersed malignant 
spindle cells (Figs. 19-41 to 19-44). Embryonal RMS 
is the most common histologic type. Well-differentiated 
rhabdomyoblasts may be difficult to identify; they are 
elongated spindled cells with hyperchromatic small nuclei 
with visible cytoplasmic cross-striations. Alveolar RMS 
appears more often in adults. These tumors exhibit thin 
fibrovascular septae resembling alveolar airspaces, which 
are lined by a single layer of cuboida, or hobnail tumor 
cells with hyperchromatic nuclei. Deceptively, alveolar 
RMS may grow in confluent sheets; in which case, it may 
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Figure 19-41 Rhabdomyosarcoma with botryoid growth (A 
and B). 
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Figure 19-42 Rhabdomyosarcoma with botryoid growth and 
a cambium layer consisting of condensed rhabdomyoblasts, 
beneath which is paucicellular tumor. 
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Figure 19-44 Rhabdomyosarcoma with a mixture of small 


round to spindle cells, strap cells, and rhabdomyoblasts with 
abundant eosinophilic cytoplasm (A and B). 


be termed solid alveolar RMS. However, such tumors may 
be recognized as alveolar RMS, since the cells individually 
resemble those of the classic pattern.?? Tumors composed 
of mixed alveolar and embryonal types sometimes occur, 
and the biologic behavior of such cases appears to be 
similar to that of pure alveolar RMS. Tumors exhibiting 
botryoid growth and only superficial infiltration of the 
bladder wall behave least aggressively, whereas those with 
alveolar growth pattern or deeper infiltration carry a poorer 
prognosis. 

In adults, the major diagnostic considerations are 
sarcomatoid carcinoma with heterologous component 
(RMS), small cell carcinoma, and primitive neuroecto- 
dermal tumor (PNET) (see also Chapters 15 and 26).°° 
Immunostaining is useful in difficult cases. RMSs are 
positive for muscle differentiation markers, including 


Figure 19-43 Rhabdomyosarcoma with a cambium layer (A desmin, myogenin, MyoD1, as well as muscle-specific 
and B). actin, myoglobin, and myosin. RMS may also be positive 
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for neuroendocrine markers such as synaptophysin and 
neuron-specific enolase. Scattered positivity for cytokeratin 
may also be present. 


Angiosarcoma 


Angiosarcoma of the bladder, which arises from blood ves- 
sel endothelium, is exceedingly rare and carries a very poor 
prognosis. Fewer than a dozen cases have been reported 
in the literature.°°-!° Of these, two arose from bladder 
hemangiomas, two arose in areas of previous radiation ther- 
apy, two were preceded by skin lesions, and four occurred 
de novo without other apparent associations. Angiosarcoma 
can develop in any part of the bladder. The reported age 
of occurrence ranges from 38 years to 85 years, with an 
average of 55 years. There is a male predominance. The 
development of angiosarcoma has been linked to exposure 
to certain environmental agents, including vinyl chloride, 
arsenic, and therapeutic irradiation.%° All cases have pre- 
sented with hematuria. Other reported symptoms include 
flank or groin pain and dysuria. The disease has often 
extended locally outside the confines of the bladder or has 
metastasized at the time of presentation. Lung and liver are 
frequent sites of metastases; lymphatic spread is observed 
less often. Angiosarcoma originating in the bladder report- 
edly has a worse prognosis than for similar tumors arising 
at other sites, with 70% of patients dying within 24 months 
of diagnosis. Two of the 10 patients reported with bladder 
angiosarcoma were alive and tumor free at 8 months and 
32 months after multimodal therapy.?°? 

Histologically, angiosarcoma of the bladder is com- 
posed of anastomosing vascular channels lined by atypical 
endothelial cells, often with overlying surface ulceration 
and inflammation, and typically infiltrating detrusor 
muscle (Figs. 19-45 to 19-47). The poorly differentiated 
endothelial cells are often pleomorphic with large hyper- 
chromatic nuclei, prominent nucleoli, and frequent mitotic 
figures. The malignant cells lining the vascular spaces 
may exhibit a “hobnail” appearance. There is often little 
or no intervening stroma. Vascular channels range in size 
from small capillaries to sinusoidal spaces (Fig. 19-48). A 
solid growth pattern consisting of monomorphic cells with 
vesicular chromatin and moderate amounts of eosinophilic 
cytoplasm arranged in sheets and nests has been described 
in some cases, and some tumors have exhibited epithelioid 
features (Fig. 19-49).°°-%° 

Immunohistochemically, angiosarcoma stains positively 
for vimentin, CD31, and CD34, and shows variable 
immunoreactivity for factor VIII-related antigen. The only 
epithelioid angiosarcoma of the bladder reported showed 
negative immunostaining for cytokeratin AEI/AE3, 
although epithelioid angiosarcoma at other sites may stain 
positively for cytokeratin. 
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Figure 19-45 Angiosarcoma of the bladder, with typical 
vascular channels lined by malignant endothelial cells. 


Figure 19-46 Angiosarcoma. 


The key differential diagnosis for angiosarcoma of 
the bladder is hemangioma, which is usually small and 
lacks cytologic atypia, interanastomosing channels, and 
solid areas. Kaposi sarcoma may be seen in the urinary 
bladder, especially in immunocompromised patients. High 
grade urothelial carcinoma must also be considered in the 
differential; in such tumors, a focus of obvious in situ 
or invasive carcinoma may be present, and tumor cells 
demonstrate positive immunoreactivity for cytokeratin 
antibodies and lack reactivity for endothelial markers such 
as CD31 and CD34. 


Malignant Fibrous Histiocytoma 


Primary MFH of the bladder is rare, although some contend 
that it is the second most common sarcoma of the adult 
urinary tract.°+7!-!°! Jt occurs predominantly in men in their 
fifth to eighth decades of life. In one series of patients with 
MFH of the urinary bladder, seven of eight tumors occurred 


Figure 19-47 Angiosarcoma (A to C). Tumor consisting of 
anastomosing vascular channels lined by atypical endothelial 
cells. Poorly differentiated endothelial cells have pleomorphic 
hyperchromatic nuclei with prominent nucleoli and exhibit a 
“hobnail” appearance. 
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Figure 19-48 Angiosarcoma. The lumens are dilated and the 
malignant cells may be mistaken for reactive endothelial cells. 


in men; patients ranged in age from 45 years to 79 years.*+ 


Patients often present with gross hematuria. 

MFH of the urinary bladder is often large at presenta- 
tion, and most involve the full thickness of the bladder 
wall (Figs. 19-50 and 19-51). The overlying urothelium 
may be normal or absent, with ulceration. In the series 
of eight cases of MFH reported by Kunze et al., tumors 
ranged from 1 cm to 15 cm in greatest dimension. Four 
morphological variants of MFH are recognized, including 
myxoid, inflammatory, storiform-fascicular, and pleomor- 
phic (Figs. 19-52 to 19-54). Of the eight tumors reported 
by Kunze et al., three were of the storiform-fascicular 
type, composed of spindled or polygonal cells with varying 
degrees of cytologic atypia and variably sized oval to round 
nuclei displaying coarse chromatin and prominent nucleoli. 
Mitotic activity was moderate to high. Multinucleated giant 
cells were often scattered throughout these tumors. Four 
of eight MFHs in this series were regarded as examples of 
inflammatory MFH, composed of dense, large polyhedral 
cells with abundant pale cytoplasm and irregular nuclei. 
Frequent mitotic figures and isolated multinucleated giant 
cells were identified. Many inflammatory cells, especially 
neutrophils, were admixed with the tumor cells, and phago- 
cytic debris was apparent within some tumor cells. The 
remaining tumor in this series was a pleomorphic MFH, 
composed of a densely cellular population of pleomorphic, 
polygonal cells with abundant pale, somewhat vacuolated 
cytoplasm with very pleomorphic nuclei and, often, bizarre 
nucleoli. Atypical mitotic figures and multinucleated giant 
cells were also present.*+ A single case of MFH with 
focal rhabdoid features arising in the bladder has been 
reported. !0! 

Immunohistochemically, MFH is nonreactive for 
cytokeratin. It is often reactive for vimentin, œ- 
antichymotrypsin, and focally reactive for CD68. Some 
tumors may be positive for neuron-specific enolase and 
S100 protein. 
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Figure 19-50 Malignant fibrous histiocytoma. This gross 
image of the bladder reveals a large fleshy mural mass on one 
side partially filling the lumen. 


Figure 19-49 Epithelioid angiosarcoma of the urinary 
bladder. (A) The sarcoma (right) is present in intimate 
association with the urothelium (left), and concern was raised 
for possible sarcomatoid carcinoma. Elsewhere, the 
angiosarcoma consisted of (B) closely packed vascular 
structures with extravasated red blood cells, or (C) papillary 
tufts lined by malignant cells. 


Figure 19-51 Malignant fibrous histiocytoma (A and B). 
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Figure 19-52 Malignant fibrous histiocytoma. The sarcoma is transmural, with an overlying intact urothelium (A). The spindle 
cells are arranged predominantly in a storiform pattern (B). There is prominent pleomorphism (C). In another case, large 


multinucleated cells punctuate sheets of smaller tumor cells (D). 


Several tumors enter into the differential diagnosis of 
MFH (Tables 19-1 and 19-2). Sarcomatoid carcinoma 
of the bladder may have a similar appearance, but an 
epithelial component may be identifiable, or the true nature 
of the tumor may be revealed by its immunoreactivity 
to cytokeratin and/or EMA. Differentiating MFHs from 
IMTs or PSCNs may be difficult. Identifying mixed acute 
and chronic inflammatory cells and a history of a surgical 
procedure favors PSCNs. Furthermore, reactive spindle 
cell proliferations lack cytologic atypia, tumor necrosis, 
and atypical mitotic figures. 

MFHs of the bladder are very aggressive tumors with 
a high local recurrence rate and frequent metastasis. For 
example, Egawa et al. reported a case of an 84-year-old 
woman with inflammatory MFH of the bladder, with- 
out evidence of metastases at the time of diagnosis.!°! 
However, 4 months after surgery and chemotherapy, the 
patient had a local recurrence. Three months after the 


recurrence was treated with radiation, the patient died with 
widespread metastases.!°! Treatment is usually surgical, 
combined in some instances with chemotherapy and radi- 
ation, but prolonged survival is infrequent. The literature 
includes one report of a patient with myxoid MFH who 
survived three years after surgery, chemotherapy, and 
radiation.!0! 


Primitive Neuroectodermal Tumor 


PNET of the bladder is an extremely rare, highly aggressive 
neoplasm belonging to the Ewing family of tumors. !0?- 104 
It is morphologically a small round blue cell tumor that is 
often associated with extensive necrosis (Fig. 19-55). The 
tumor cells show strong immunoreactivity for CD99 and 
CD117 (c-kit) and may show focal staining with cytok- 
eratin AE1/AE3 markers and S100 protein. CD99 is not 
specific for PNETs or Ewing sarcoma, but it is almost 
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Figure 19-53 Malignant fibrous histiocytoma. Tumor cells 
are in a storiform/fascicular arrangement and show varying 
degrees of cytologic atypia with variably sized nuclei and 
prominent nucleoli. 


always present in these tumors. Molecular genetic analysis 
supports the diagnosis of PNET by showing the EWS/FLI-1 
fusion transcript type 2 by RT-PCR and EWS gene rear- 
rangement by FISH. 

The differential diagnosis for PNETs includes RMS, 
lymphoid neoplasms, neuroendocrine carcinoma, and 
melanoma. Immunohistochemical staining helps in 
differentiating PNET from the other entities in the dif- 
ferential; negative immunostaining for muscle, lymphoid, 
melanocytic, and neuroendocrine markers favors PNETs. 
Metastatic neuroendocrine carcinoma generally expresses 
epithelial markers more strongly than PNETs.!0!% 

See Chapter 15 for further discussion. 


Malignant Peripheral Nerve Sheath Tumor 


Malignant peripheral nerve sheath tumor (MPNST) is 
rare in the urinary bladder. Only a few cases have been 
documented.!-!°7 The tumor appears to affect patients 
under 40 years of age, typically with complaints of 
hematuria; a suprapubic mass is noted in some. Prognosis 
is poor. Microscopically, MPNST is composed of poorly 
differentiated tumor cells arranged in sheets or nodules, or 
of interlacing fascicles of malignant spindle cells. 
See Chapter 15 for further discussion. 


Hemangiopericytoma 


Rare cases of hemangiopericytoma have been reported in 
the urinary bladder.!°8-!'!3 The tumor typically occurs in 
adults with an average age of 45 years.!!* It occurs equally 
in both genders. Intensive exposure to poly(vinyl chloride) 
was implicated as a causative agent in one case.!°8 An 


Figure 19-54 Malignant fibrous histiocytoma (A to C). Note 
the atypical mitotic figures and inflammatory background. 


association with hypoglycemia has been reported, possibly 
mediated by tumor production of insulin-like growth 
factor.!!0!!4 Hemangiopericytomas are slowly enlarging 
painless masses, often presenting late in their course, at 
which time obstructive symptoms may occur. Groin pain, 
urinary frequency, dysuria, and acute urinary retention 
have been reported.!08-109.112.113 Despite its deceptively 
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Figure 19-55 Primitive neuroectodermal tumor. (A) The tumor is highly cellular and consists of small, round blue cells in sheets 
surrounded by fibrovascular stroma. (B) Tumor cells are monomorphic with scant basophilic cytoplasm. (C) Pseudorosette 


formation is seen. (D) Cells are immunoreactive for CD99. 


benign appearance, hemangiopericytoma is associated with 
a 50% incidence of eventual metastasis.!°° 

Grossly, hemangiopericytoma is usually well- 
circumscribed and covered by a thin, richly vascular 
pseudocapsule. On cut section, it is gray to red-brown, 
often with areas of hemorrhage and necrosis.!!4 

Microscopically, hemangiopericytoma is composed of 
an elaborate arrangement of vascular spaces consisting 
of proliferating blood vessels surrounded by numer- 
ous, tightly packed ovoid and spindle-shaped pericytes 
(Fig. 19-56).!!4!!5 The vessels vary in caliber and branch 
into smaller vessels with a “staghorn” configuration.!!+ 
The vessels often are arrayed in a collagenous background. 
Malignant features include necrosis, increased cellularity, 
hemorrhage, and increased mitotic activity.!!+ 

Immunohistochemical reactivity for vimentin is often 
present in hemangiopericytoma, and some cases show posi- 
tive immunostaining for CD34. Rarely, focal immunostain- 
ing for actin and desmin is observed. CD31 immunostaining 


is observed only in the endothelial cells lining the vascular 
spaces.!!4 

The differential diagnosis for hemangiopericytoma in the 
urinary bladder includes solitary fibrous tumor. Heman- 
giopericytoma has a prominent pericytic vascular pattern 
that is only focally evident in solitary fibrous tumor. Soli- 
tary fibrous tumor is always immunoreactive for CD34, 
while hemangiopericytoma displays CD34 immunoreactiv- 
ity in a smaller percentage of cases and to a lesser degree. 
Solitary fibrous tumor displays broader zones of hyaliniza- 
tion. MFH may be confused with hemangiopericytoma, but 
MFH has a more prominent and uniform spindle cell archi- 
tecture, lacking the elaborate vascular patterns typical of 
hemangiopericytoma.!!4 

The cytogenetic abnormality most commonly associated 
with hemangiopericytoma is rearrangement of the long arm 
of chromosome 12, although this abnormality has not, to 
our knowledge, been reported in tumors originated from the 
urinary bladder.!!4 
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56 Hemangiopericytoma of the urinary bladder. 


The urothelium (left) stands in contrast with the tumor (right), 
which consists of a characteristic pattern of anastomosing ves- 


Figure 19- 


57 Osteosarcoma of the urinary bladder. 


Figure 19 


sels surrounded by tumor cells with indistinct cellular outlines. 


Figure 19-58 Stromal sarcoma of the urinary bladder (A to D). 


Figure 19-59 Miillerian adenosarcoma of the urinary bladder. 


Alveolar Soft Part Sarcoma 


Recently, a single case of alveolar soft part sarcoma has 
been identified in the urinary bladder of a 25-year-old 
woman.!!© This entity is rare, usually found in the lower 
extremities of adolescents and young adults, or in the 
head and neck region of children.!!° The patient presented 
with dysuria and hematuria. A large intravesical mass was 
resected. Microscopically, the tumor was composed of 
sheets and nests of large polygonal to round cells with 
abundant foamy to clear to finely granular eosinophilic 
cytoplasm. Nuclei were round with prominent nucleoli, but 
without pleomorphism or significant mitotic activity. The 
tumor nests were delineated by fibrovascular trabeculae 
of varying thickness. Other nests were separated by 
thin-walled vascular channels. The tumor infiltrated into 
the muscularis propria and ulcerated the overlying mucosa. 
The granular cytoplasmic material was found to be 
periodic acid—Schiff positive with diastase resistance. The 
tumor did not stain immunohistochemically for desmin, 
SMA, EMA, cytokeratins, chromogranin, synaptophysin, 
S100, HMB45, Melan A, CD117, CD34, CD68, CD10, 
or renal cell carcinoma antibody. However, it showed 
strong diffuse nuclear immunoreactivity for TFE3. TFE3 
is a commercially available antibody directed against the 
TFE3 protein, which is virtually always seen in alveolar 
soft part sarcoma. It may also be immunoreactive in Xp11 
translocation-associated renal cell carcinoma and benign 
granular cell tumors. The ASPL-TFE3 fusion protein, 
detected by the TFE3 antibody, results from a specific 
translocation, der(17)t(X;17)(p11.2;q25), which is the 
molecular signature of alveolar soft parts sarcoma.!!© The 
tumor recurred subsequently as a painful mass protruding 
from the urethral meatus, and was surgically resected. 
Grossly, the recurrent tumor was a _nonencapsulated 
well-circumscribed red-tan mass with focal hemorrhage 
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Figure 19-60 Aggressive angiomyxoma arising in the 
bladder in a patient with Peutz—Jeghers syndrome. (A and B) 
The tumor consists of spindle cells and stellate cells with 
thin-walled and thick-walled hyaline vessels in a myxoid 
stroma. (C) The tumor cells have little or no nuclear atypia 
and no mitotic activity. (Case courtesy of Dr. Aidan Carney, 
Rochester, Minnesota.) 
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Figure 19-61 Heterologous elements are often seen in sarcomatoid carcinom. (A) The most common is osteosarcoma. (B) The 
second most common heterologous element in these tumors is chondrosarcoma. (C) Liposarcoma is an infrequent heterologous 
component of these tumors. (D) Numerous giant cells may be seen in sarcomatoid carcinoma of the bladder. (From Ref. 30; with 


permission.) 


and necrosis. The recurrent tumor was histologically 
similar to the original tumor except for patchy necrosis 
as well as areas with cells having central eosinophilic 
granularity surrounded by a rim of clear cytoplasm.!!® No 
further recurrence was noted 45 months after the initial 
presentation. 

Included in the differential diagnosis for this tumor are 
paraganglioma, PEComa, malignant granular cell tumor, 
and epithelioid leiomyosarcoma. Immunohistochemistry 
plays a critical role in differentiating these tumors.?%!!7 
Paragangliomas express neuroendocrine markers, such as 
chromogranin and synaptophysin. Granular cell tumors 
are strongly immunoreactive for S100 protein. PEComas 
express melanocytic markers such as HMB45 and Melan A. 
PEComa and epithelioid leiomyosarcoma show strong 
SMA reactivity. The aforementioned immunostains are all 
absent in alveolar soft parts sarcoma. Desmin expression, 


however, may be seen. As stated previously, alveolar soft 
parts sarcoma expresses TFE3, which, except for granular 
cell tumor, is absent in the other tumors included in the 
differential diagnosis.!!® 


Other Soft Tissues Neoplasms Arising in 
the Bladder 


Rare examples of other types of sarcoma have been 
reported to arise in the bladder, including liposarcoma, 
chondrosarcoma, osteosarcoma, stromal sarcoma, miillerian 
adenosarcoma, angiomyxoma, and Kaposi sarcoma (Figs. 
19-57 to 19-60). The diagnosis of primary liposarcoma 
of the bladder requires that bladder involvement by 
direct extension from a malignancy in an adjacent site be 
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Figure 19-62 Myxoid variant of sarcomatoid carcinoma of 
the bladder. It should not be mistaken for malignant fibrous 
histiocytoma. (From Ref. 30; with permission.) 
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Lymphoid and Hematopoietic Tumors 


Malignant Lymphoma 


Lymphomas constitute less than 1% of bladder 
neoplasms.!~78 More recently, Ploeg et al. reported 
75 cases of lymphomas (0.26%) among 28,807 patients 
with invasive bladder cancer from the Netherlands Cancer 
Registry from 1995 to 2006.7 Patients with malignant 
lymphoma of can be divided into three distinct groups: 
those with primary lymphoma localized in the bladder, 
lymphoma presenting in the bladder as the first sign of 
disseminated disease (nonlocalized lymphoma), and recur- 
rent bladder involvement by lymphoma in patients with a 
history of malignant lymphoma (secondary lymphoma).” 
Primary lymphoma is defined by the following criteria: 
presenting symptoms attributable to bladder involvement; 
involvement of the bladder without involvement of adja- 
cent tissue; and absence of involvement of liver, spleen, 
lymph nodes, peripheral blood, and bone marrow within 6 
months of the diagnosis of bladder involvement.” 

Primary malignant lymphoma in the bladder is very 
rare, accounting for only 0.14% of extranodal lymphomas 
(Figs. 20-1 to 20-3).!~3 In an analysis of 1467 extranodal 


Figure 20-1 Malignant lymphoma, small lymphocytic type 
(A and B). 


Figure 20-2 Small lymphocytic lymphoma involving the 
wall of the bladder. 


Figure 20-3 Malignant lymphoma, small lymphocytic type 
(A and B). 
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lymphomas, only two cases were primary in the bladder.* 
However, secondary involvement of lymphoma is not 
uncommon. The urinary bladder is secondary in 13% to 
17% of cases of systemic lymphoma at autopsy, and most 
patients have no bladder symptoms.*°7! Only 1% of these 
are clinically apparent.>+ 

Primary lymphoma is far more common in females than 
in males, with a male-to-female ratio of approximately 
1:4.2425 However, a recent report by Schniederjan and 
Osunkoya found a male predominance in primary bladder 
lymphomas.'! The median age at the diagnosis was 58 
years (range, 12 to 85 years).? Signs and symptoms 
include gross hematuria, dysuria, irritative symptoms, 
and incontinence. Rare cases may be associated with 
Epstein-Barr virus.!° 

Cystoscopically, lymphoma appears as single or multi- 
ple masses that are sessile or polypoid. Primary lymphoma 
has a predilection for the dome and trigone. Posterior and 
lateral wall may also be involved. The tissue specimen 
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for examination is usually a biopsy or transurethral resec- 
tion. The mucosa overlying the mass is usually intact, and 
this is a useful diagnostic clue. Occasionally, there may 
be diffuse thickening of the bladder wall. Ulceration is 
uncommon in primary lymphoma, but frequent in secondary 
lesions. Frank hemorrhagic changes of the mucosa have 
been observed. 

Most examples of bladder lymphoma have been 
reported as single cases, and histologic classification has 
varied greatly, with only a small number having modern 
immunohistochemical workup to phenotype the lymphoma. 
Immunohistochemically, almost all bladder lymphomas 
are of B cell origin and display monoclonality.!* The most 
frequent type of primary lymphoma is extranodal marginal 
zone lymphoma of mucosa-associated lymphoid tissue 
(MALT) type (MALT lymphoma) (Figs. 20-4 to 20-7). 
Diffuse large B cell lymphoma is the most common type 
in a recent series.!! 

Other types of primary bladder lymphoma, such as 
Burkitt lymphoma, T cell lymphoma, Hodgkin lymphoma, 


Figure 20-4 Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (MALT) type (MALT lymphoma) (A to D). 
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Figure 20-5 MALT lymphoma of the bladder. Note the 
lymphoepithelial lesions. 
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Figure 20-7 MALT lymphoma of the bladder. 


and plasmacytoma are extremely rare.!? Involvement of 
bladder by lymphomatoid granulomatosis and Burkitt 
lymphoma have been reported and typically cause bladder 
outflow obstruction and gross hematuria.!51632 Among 
secondary bladder lymphomas, diffuse large B cell lym- 
phoma is the single most frequent histological subtype, 
followed by follicular, small cell low grade MALT, mantle 
cell, Burkitt and Hodgkin lymphoma. 

The etiology of bladder lymphoma remains unclear. 
Schistosomiasis is associated with a T cell lymphoma of the 
bladder. Rare cases of lymphoma arise synchronously in 
association with adenocarcinoma and urothelial carcinoma. 
Papillary urothelial tumors may present simultaneously 
with bladder lymphoma, either primary or secondary. 
Primary marginal zone B cell MALT lymphoma of 
the bladder has an excellent prognosis after therapy.” 
Histologically, the tumor consists of a diffuse infiltrate 
of lymphoid cells surrounding and permeating normal 
structures. Architectural effacement of the bladder wall 
by centrocyte-like cells accompanied by plasma cells 
and nonneoplastic germinal centers is typically present in 
MALT lymphoma involving the bladder. Lymphoepithelial 
lesions may be seen in areas of cystitis cystica and 
cystitis glandularis, and they should not be confused 
with lymphoepithelioma-like carcinoma or lymphoid-rich 
variant urothelial carcinoma. Since the bladder is an 
embryonic derivative of the cloaca, bladder lymphomas 
might arise from inherent lymphoid tissue that is related to 
Peyer patches in the gut. Alternatively, MALT lymphomas 
of the urinary bladder could also arise in MALT acquired 
as the result of an inflammatory process such as chronic 
cystitis related to a bacterial infection. Further investigation 
is warranted to clarify the pathogenesis of primary bladder 
lymphoma. 
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Figure 20-8 Lymphoepithelioma-like carcinoma of the bladder (A to F). Syncytial growth may mimic lymphoepithelial lesions of 
MALT lymphoma (A and C). Immunostaining for p53 (B and F), cytokeratin 7 (D), high molecular weight cytokeratin 348E12 (E) is 
positive in lymphoepithelioma-like carcinoma. 
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Overall survival for bladder lymphoma is estimated 
to be 68% to 73% at one year and 27% to 64% at five 
years.”-!!.17,24.26.28 Patients with nonlocalized bladder 
involvement without a prior history of lymphoma who 
presented with symptoms attributable only to the bladder 
had a mean cancer-specific survival of four years. For 
primary bladder lymphoma, the type of treatments include 
surgery, radiation, and chemotherapy.”!®?8 Due to the 
rarity of the disease, no standard treatment is available.*® 
In Kempton et al.’s report, none of patients with primary 
lymphoma of the bladder died of disease or had tumor 
recurrence after resection and radiation therapy.” 

The major differential diagnostic considerations are 
lymphoepithelioma-like carcinoma (Fig. 20-8), plasmacy- 
toid and lymphoid-rich variant of urothelial carcinoma, 
small cell carcinoma, follicular or florid chronic cystitis, 
and other inflammatory processes.**~*7 It is particularly 
problematic in limited biopsy samples. Attention to histo- 
logic features, together with clinical history and appropriate 
immunohistochemical studies, should help distinguish lym- 
phoma from its mimickers. Lymphoepithelioma-like 
carcinoma is an important variant of bladder cancer that 
has diagnostic, prognostic, and therapeutic significance. It 
often shows nests, sheets, and cords of undifferentiated 
malignant cells, arranged in syncytia with ill-defined 
cytoplasmic borders, resembling nasopharyngeal lym- 
phoepithelioma. Nuclear features include large vesicular 
nuclei with prominent nucleoli and frequent mitotic figures. 
The accompanying lymphoid component includes mature 
lymphocytes, plasma cells, histiocytes, neutrophils, and 
eosinophils. These tumors can be readily distinguished 
from lymphoma by identification of coexisting urothelial 
carcinoma and urothelial carcinoma in situ. The epithelial 
cells of lymphoepithelioma-like carcinoma are positive 
for cytokeratin 7, p53, p63, and high molecular weight 
cytokeratin 348E12 and show molecular abnormalities 
detected by UroVysion FISH.** 


Leukemia 


Granulocytic sarcoma (chloroma, myeloid sarcoma) rarely 
involves the urinary bladder (Fig. 20-9).!43038-4° Other 
types of hematopoietic tumors may also secondarily involve 
the urinary bladder. At autopsy, fewer than 18% of patients 
who died of chronic lymphocytic leukemia and chronic 
myelogenous leukemia have bladder involvement.*? The 
frequency is somewhat higher in patients with acute 
leukemia. Grossly, there are mucosal nodules or foci of 
hemorrhagic thickening. Histologically, these tumors are 
similar to those from other organ sites. Relevant clinical 
data and high index of suspicion are critical to avoid 
misdiagnosis. 


Figure 20-9 Granulocytic sarcoma involving the bladder 
(A and B). 


Multiple Myeloma/Plasmacytoma 


The bladder is rarely involved with multiple myeloma or 
solitary plasmacytoma (Figs. 20-10 and 20-11).2?4!-4 
There is no apparent gender predilection, and adult patients 
of all ages may be affected (range, 28 to 89 years). Most 
patients present with hematuria, and urine cytology may 
reveal malignant plasma cells. The tumor forms solid 
polypoid or pedunculated masses composed of sheets of 
plasma cells with varying degrees of atypia. The mucosa 
is typically intact. 

In the urinary bladder, the main differential diagnostic 
considerations include benign conditions such as chronic 
cystitis with prominent plasma cell infiltrate, as well as 
other malignant tumors, such as signet ring cell adenocar- 
cinoma and metastatic carcinoma from other primary sites, 
specifically breast and stomach (Table 20-1).*°*° Myofi- 
broblastic proliferations enter the differential diagnosis 
since they may have a prominent plasma cell infiltrate. 
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Figure 20-10 Anaplastic plasmacytoma involving the 
bladder. 


Figure 20-12 Plasmacytoid variant of urothelial carcinoma 
(A and B). Immunostaining for cytokeratin is strongly 
positive (B). 


Figure 20-11 Anaplastic plasmacytoma involving the 
bladder. 


Table 20-1 Main Differential Features of Bladder Tumors with Plasmacytoid Cells? 


Cytologic Features Immunohistochemical Features 
Nuclear Shape Nucleolus Cytoplasm Pan-CK Vim CK7 CK20 S100 LCA HMB45 Syn/Chr CD138 Desmin 


Lymphoma/plasmacytoma Round £ Eosino/ampho = } i 
Plasmacytoid carcinoma Round £ Eosino/ampho g — 
Rhabdoid carcinoma Round + Eosino ae + + aE 
Signet ring cell carcinoma Indented $ Ampho/clear 
Neuroendocrine Round + Scant/eosino ae + + 
carcinoma/small cell 
carcinoma 
Paraganglioma Round aE Ampho/clear E Fo å S ph 
Melanoma Round + Eosino d - 
Rhabdomyosarcoma Round/fusiform d Scant/eosino d d — + 


@aAmpho, amphophilic; eosino, eosinophilic; CK, cytokeratin; Vim, vimentin; LCA, leukocyte common antigen; Syn/Chr, synaptophysin/chromogranin A. 
ÞSustentacular cells staining for S100 protein. 


Lymphoid and Hematopoietic Tumors 


Plasmacytoid urothelial carcinoma, a rare variant of urothe- 
lial carcinoma with histologic appearance similar to that of 
plasma cells, may pose a significant differential diagnostic 
problem, particularly if it is the predominant or exclusive 
pattern in a limited biopsy sample (Fig. 20-12). The finding 
of some plasmacytoid urothelial carcinomas of the blad- 
der immunoreactive for CD138, a marker of plasma cells, 
represents an important challenge in daily practice.*>*° 
Immunohistochemically, plasmacytoid variant is also 
positive for cytokeratin 7, cytokeratin 20, and AE1/AE3. 
Primary signet ring cell adenocarcinoma enters into the 
differential diagnosis due to the occasional presence of 
intracytoplasmic vacuoles and the noncohesive nature of 
the tumor cells. Urothelial carcinoma with rhabdoid pheno- 
type should also be considered in the differential diagnosis. 
It is distinguished from plasmacytoma by the presence 
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Urothelial Carcinoma Following Augmentation Cystoplasty 


Overview 


Mikulicz first proposed using the small intestine to augment 
the urinary bladder in the late nineteenth century.! Since 
then, augmentation cystoplasty incorporating gastrointesti- 
nal segments to reconstruct the urinary bladder has been 
widely used in the management of a variety of urological 
disorders. This technique has demonstrated utility in pre- 
vention of renal disease that otherwise would result from 
high pressure urine storage, as well as restoration of stor- 
age function and quality of life.2~> However, a few inherent 
complications of this surgical procedure have been recog- 
nized during the last several decades, including bladder 
perforation, infection, urolithiasis, and malignancy.”> In a 
study by Soergel and collaborators, malignancy was diag- 
nosed in three of 483 bladder augmentation patients.* The 
development of malignancies from the native bladder or 
incorporated segments has raised a serious concern in uro- 
logical practice, with isolated cases of developing urothelial 
carcinoma having been described in patients receiving this 
surgical intervention (Table 21-1).25-18 

The exact pathological characteristics and underlying 
molecular genetic alterations of neoplasms following 
augmentation cystoplasty have remained unknown until 
recently. A relatively large series has been reported, 
evaluating the morphological features, immunohisto- 
chemical characteristics, chromosomal abnormalities by 
UroVysion fluorescence in situ hybridization (FISH) tests, 
and gene mutations of fibroblast growth factor receptor 
3 (FGFR3) and the TP53 gene in urothelial carcinomas 
after augmentation cystoplasty.° 

A detailed analysis of the cases reported suggested 
that neoplasms occurring in patients receiving bladder 
augmentation had unusual clinical presentations and an 
ominous prognosis. In addition, these tumors demonstrated 
distinct pathological characteristics and genetic alterations 
not commonly present in conventional urothelial carcino- 
mas and appeared to represent a rare variant of urothelial 
carcinoma.> 


Clinical Features 


The formation of an epithelial malignancy after aug- 
mentation cystoplasty represents a small but present risk 
associated with this procedure. Augmentation cystoplasty- 
associated urothelial carcinomas occur in a population of 
relative young age (mean, 37 years at diagnosis; range, 
29 to 44 years) at a long-term latency (mean, 19 years; 
range, 17 to 21 years) after receiving bladder augmentation 
for managing their nonneoplastic urinary disorders.” No 
other significant risk factors responsible for urothelial 
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carcinogenesis, such as tobacco smoking and occupational 
exposure or particular drug usage, were identified in these 
patients. Differences in clinicopathologic and molecular 
characteristics of urothelial carcinoma in adult, pediatric, 
and augmentation cystoplasty patients are highlighted in 
Table 21-2. 

In Sung et al.’s report, the patient population con- 
sisted of two men and two women; three were born 
with myelomeningocele and the fourth suffered from an 
obstructive urinary disorder.” Two patients underwent 
ileocecal augmentation and the two others received cecal 
augmentations for managing urinary disorders. The initial 
symptoms/signs of the subsequent malignancy included 
hematuria (three cases), urinary tract infection (one 
case), and bladder neck contracture (one case). Three 
neoplasms were located in the native urinary bladder and 
the remaining tumor arose from the junction between 
the native bladder and the ileal segment. One patient 
underwent cystectomy alone for treatment; one patient 
was managed with cystectomy and adjuvant chemotherapy 
and radiotherapy, and the remaining two by transurethral 
resection with subsequent chemotherapy. 

All tumors behaved in an extremely aggressive manner, 
rarely seen in conventional vesical urothelial carcinoma, 
and all patients developed metastasis shortly after initial 
diagnosis.> All patients died of cancer within months of 
initial diagnosis (mean, 5 months; range, 1.5 to 8 months), 
despite the intense treatment comprising cystectomy 
combined with adjuvant chemotherapy and radiotherapy 
(Table 21-1). 

Optimal clinical followup and management of such 
patients remains to be fully elucidated. Soergel and 
colleagues have suggested careful endoscopic surveil- 
lance of such patients beginning 10 years after surgery.“ 
Hamid et al. have suggested, however, that surveillance 
cystoscopy is not necessary for at least the first 15 years, 
as it has not been shown to detect cancer during this 
timeframe. These authors do note, however, that hematuria 
or other worrisome symptoms should prompt an immediate 
evaluation including cystoscopy and imaging.!? The 
utility of urinary cytology and molecular assays (such as 
UroVysion FISH test) in surveillance is not completely 
clear. 


Histopathology 


Histologically, these neoplasms are typically invasive high 
grade urothelial carcinomas accompanied by brisk mitotic 
activities, capabilities of lymphovascular invasion, and the 
existence of tumor necrosis (Figs. 21-1 to 21-3), which cor- 
related with their extremely aggressive biological behavior 
evident by widespread metastasis and ominous prognosis.’ 
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Urothelial Carcinoma Following Augmentation Cystoplasty 


Figure 21-1 High grade urothelial carcinoma following aug- 
mentation cystoplasty. Note the atypical mitotic figures and 
nuclear pleomorphism. 


Based on the World Health Organization (WHO) clas- 
sification system, all tumors were categorized as grade 3 
(1973) or high grade (2004) tumors (Table 21-1). All were 
invasive neoplasms; two invaded into the perivesical soft 
tissue microscopically (pT3a), one to muscularis propria 
(pT2), and the remaining one to the lamina propria (pT1) 
of the transurethral resection specimen. 

A wide spectrum of histopathologic changes can be seen 
in association with urothelial carcinoma following aug- 
mentation cystoplasty (Figs. 21-4 to 21-6). In addition to 
the presence of papillary tumor fronds seen in conventional 
papillary urothelial carcinoma (Fig. 21-7), these tumors 
comprised diverse architectures, including nests, cords, 
tubules, and solid tumor sheets; and exhibited unusual 
frequent glandular differentiation and occasional squamous 
differentiation (Figs. 21-8 to 21-13; Table 21-3). The 
exceptional tendency of glandular evolution highlighted the 
distinct morphological presentation of these neoplasms.> 
Two tumors harbored exophytic papillary components. 
Invasive cords and nests were identified in three and two 
cases, respectively. One neoplasm had a tubular formation 
and one consisted of diffuse solid tumor sheets. In situ 
urothelial carcinoma of the lining urothelium was present 
in two cases. 

Cytologically, all neoplasms had vesicular tumor nuclei 
with clumping chromatin, and additional hyperchromatic 
tumor nuclei were found focally in two cases. Nuclear pleo- 
morphism was evident in all tumors. Nucleolar prominence 
was present in two neoplasms. There were components 
of tumor cells with eosinophilic or basophilic cytoplasm 
in all four cases, but an area of tumor cells harboring 
clear cytoplasm appeared in one neoplasm. Glandular 
differentiation was observed in three tumors; squamous 
differentiation was present in one case. Tumor necrosis 
was found in all four cases. Angiolymphatic invasion 
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Figure 21-2 High grade urothelial carcinoma following aug- 
mentation cystoplasty (A and B). Note the tumor necrosis. 


Figure 21-3 High grade urothelial carcinoma following aug- 
mentation cystoplasty. Note the tumor necrosis. 


Urothelial Carcinoma Following Augmentation Cystoplasty 


Figure 21-4 Intestinal metaplasia. 


Figure 21-5 Intestinal metaplasia. 


Figure 21-6 Urothelial carcinoma in situ. Note the underlying 
poorly differentiated urothelial carcinoma. 


Figure 21-7 Papillary urothelial carcinoma following aug- 
mentation cystoplasty. 


and perineural invasion were present in three and one 
patients, respectively. All tumors were mitotically active, 
with a mean mitotic count of 12 (range, 4 to 17) per 
10 high power fields within the most mitotically active 
regions. 


Immunohistochemistry 


Cytokeratin (CK) 7 is an intermediate filament that is 
found in the majority of urothelial neoplasias of the urinary 
bladder and serves as a sensitive marker for diagnosing 
urothelial carcinomas. In comparison, the incidence of 
positive expression of CK20 is relatively lower in urothe- 
lial neoplasia.?°*! In urothelial carcinomas after bladder 
augmentation, three tumors demonstrated strong CK7 
expression, but only one tumor exhibited CK20 staining in 
Sung et al.’s study (Fig. 21-14; Table 21-4).° This trend 
of expression of the cytokeratins is somewhat similar to 
the one in conventional urothelial carcinoma, although the 
lower CK20 expression might reflect that its particular 
evolution deviated from the ordinary urothelial carcinoma. 
Moderate cytoplasmic and membranous staining for 
uroplakin III was identified in 10% of tumor cells in one 
case." 

In urothelial carcinomas following augmentation cysto- 
plasty, 50% of tumors revealed CDX2 expression, which is 
similar to the incidence in primary vesical adenocarcinoma 
(47%). Moderate to strong staining for CDX2 was observed 
in tumor nuclei with variable staining percentages at the 
areas of glandular or solid tumor components (Fig. 21-15). 
These observations suggest that intestinal differentiation, 
evident by both morphologically glandular involution and 
immunohistochemical CDX2 expression, may play an 
important role in the pathogenesis of urothelial carcinoma 
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Figure 21-8 Urothelial carcinoma following augmentation cystoplasty. (A) The tumor demonstrates conventional papillary 
structures comprising central fibrovascular cores and lining neoplastic cells bearing pleomorphic nuclei and eosinophilic 
cytoplasm. (B) Flat in situ carcinoma revealing cellular pleomorphism in the lining urothelium. (C) Tumor cells forming small 
tubules scattered in the lamina propria of the bladder. (D) Solid diffuse tumor sheets exhibiting vesicular nuclei, prominent 
nucleoli, basophilic cytoplasm, and brisk mitotic figures. (E) Squamous differentiation evident by the presence of an intercellular 
bridge and keratinous cytoplasm in tumor cells. (F) Glandular tumor structure with distinct clear cytoplasm in urothelial 
carcinoma. (From Ref 5; with permission.) 
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Figure 21-9 High grade urothelial carcinoma following 
augmentation cystoplasty. Note the solid growth pattern. 


Figure 21-10 High grade urothelial carcinoma following 
augmentation cystoplasty. Note the glandular differentiation. 


augmentation cystoplasty. Note the infiltrative cords of tumor 
cells in desmoplastic stroma. 


Table 21-3 Clinicopathological Characteristics of Four 
Urothelial Carcinomas Following Augmentation Cystoplasty 


Characteristics 


Gender 
Male 
Female 

Age 


Type of augmentation 
cystoplasty 
lleocystoplasty 
Cecocystoplasty 
Disease for cystoplasty 
Myelomeningocele 
Obstructive disorder 
Symptoms 
Hematuria 
Urinary tract infection 
Bladder neck 
contracture 
Latency period 


Surgery procedure 
Cystectomy 
Transurethral resection 

Adjuvant therapy 
Chemotherapy 
Combined chemo- and 

radiotherapy 

Followup 


Distant metastasis 
Present 
Absent 
Died of cancer 
Tumor location 
Native bladder 
Anastomosis site 
Histologic grade 
2004 WHO high grade 
1973 WHO grade 3 
Pathologic stage 
pl 
pT2 
pT3a 
Tumor architecture 
Papilla 
Nest 
Cord 
Tubule 
Solid 
Tumor cytology 
Vesicular nuclei 
Hyperchromatic nuclei 
Prominent nucleoli 
Eosinophilic cytoplasm 
Clear cytoplasm 


Number 


2 

2 

Mean: 37 years (range, 
29-44) 


= 


Mean, 19 years (range, 
17-21) 


Mean, 5 months (range, 
1.5-8) 


jo) 
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Table 21-3 (Continued) 
Characteristics Number 


Urothelial carcinoma in situ 


Present 2 
Absent 2 
Tumor necrosis 
Present 4 
Absent 0 
Mixed differentiation 
Glandular 3 
differentiation 
Squamous 1 
differentiation 
Tumor invasion 
Angiolymphatic 3 
a a Í : Figure 21-13 High grade urothelial carcinoma following 
erineural invasion 1 à : . 
Mitac Mean, 12 (range, augmentation cystoplasty, microcystic pattern. 
4-17)/10 hpf 
hpf, high power field; in patients incorporated with intestinal segments in native 
Source: Modified from Ref. 5. bladders. 


Abnormal f-catenin expression (decreasing membra- 
nous staining) was identified in all these neoplasms, 
suggesting that the dysfunction of the cadherin—catenin 
complex with consequent disruption of intercellular inter- 
action might contribute to the development or progression 
of this distinct neoplasm. In addition, the abnormal 
-catenin immunohistochemistry in these patients is in 
accordance with former reports describing the correla- 
tion between decreasing -catenin expression and both 
advanced stage and poor outcome in the subset of urothelial 
carcinoma. 


Molecular Genetics 


The FGFR3 gene mapping on chromosome 4p16 is a 
member of a family of tyrosine kinase receptors and 
plays a significant role in cell signaling pathways for cell 
proliferation, development, and differentiation”? Ligand 
binding activates intracellular tyrosines, and mutations 


Figure 21-12 High grade urothelial carcinoma following 
augmentation cystoplasty. Note the tubular and cystic 
structures lined by malignant urothelial cells. 


Table 21-4 Immunostaining Results in Four Urothelial Carcinomas Following Augmentation Cystoplasty 


Markers? 

Percentage of Positive Cells (%) CDXx2 Uroplakin II B-Catenin CK7 CK20 
0 2 3 0 1 3 
1-25 1 1 0 i] 1 

26-50 0 0 3 0 0 

51-100 i] 0 1 2 0 


°CK7, cytokeratin 7; CK20, cytokeratin 20. 
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Figure 21-14 High grade urothelial carcinoma following augmentation cystoplasty. (A) Tumor cells are positively stained by 
A-catenin, representing moderate membranous staining in tumor nests. (B) Strong CDX2 expression in tumor nuclei. (C) Diffuse 
membranous and cytoplasmic staining of cytokeratin 7. (D) Strong cytokeratin 20 expression in a few isolated tumor cells. (E) 
Focal membranous and cytoplasmic staining of uroplakin III in urothelial carcinoma. (F) UroVysion fluorescence in situ 
hybridization (FISH) analysis of tumor developed following augmentation cystoplasty. Chromosomal alteration was detected by 
interphase FISH by using the UroVysion probe set containing CEP3 (red), CEP 7 (green), CAP17 (aqua), and 9p21 (gold). The 
representative tumor cell exhibited gains of chromosome 3 (three signals), 7 (four signals), 17 (five signals), and loss of a 9p21 (one 
signal). (From Ref. 5; with permission.) 
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Figure 21-15 High grade urothelial carcinoma following 
augmentation cystoplasty. Note the glandular differentiation. 


The tumor cells show strong nuclear immunoreactivity for 
CDX2. 


in the FGFR3 gene lead to constitutive activation of 
the receptor.” Urothelial carcinomas harboring FGFR3 
mutations tend to be of both lower histologic grade 
and pathologic stage, and consequently are associated 
with a more favorable clinical outcome.**~** In contrast, 


mutations of the TP53 gene, located on chromosome 
17q23 and encoding proteins as a key gatekeeper in 
cell cycle regulation, were identified frequently in either 
invasive urothelial carcinoma or high grade superficial 
urothelial carcinoma and regarded as a hallmark of 
aggressiveness of urothelial neoplasia.2? Recent studies 
focusing on the roles of FGFR3 and TP53 in pathogenesis 
of urothelial carcinoma have observed that most urothelial 
carcinomas possessed either one mutation or the other.>°! 
Interestingly, they occurred almost always mutually exclu- 
sively, and concurrency developed exceptionally in only 
a minority of tumors, which suggested that FGFR3 and 
TP53 characterize two distinct pathogenetic pathways in 
the evolution of the majority of urothelial carcinomas.??! 

In mutational analysis of urothelial carcinoma follow- 
ing bladder augmentation, all but one case was free of 
gene mutations of FGFR3 or TP53, and the remaining one 
simultaneously harbored mutations at both loci. FGFR3 
mutation at exon 15 codon 646 was identified in one tumor 
(25%) with a concurrent TP53 mutation at exon 7 codon 
237 (Fig. 21-16). The remaining three tumors were nega- 
tive for FGFR3 or TP53 gene mutations. These unusual 
genetic alterations, different from the classic presentations 
observed in the majority of conventional urothelial carci- 
noma, indicate that the roles of both gene mutations may 
not be significant in this subset of urothelial neoplasia, and 
they may evolve through different carcinogenetic pathways, 
leading to their aggressive biological behaviors and distinct 
histopathological characteristics. 

In UroVysion FISH assay, all four tumors displayed 
characteristic chromosomal aberrations (Table 21-5).° 
Gains of chromosome 3 were observed in all four tumors, 
and gains of chromosomes 7 and 17 in tumor cells were 
identified in two and three cases, respectively. In addition, 
loss of chromosome 9p21 was observed in one tumor. 
These findings suggest that the UroVysion FISH assay 
serves as a potential utility to monitor patients in this 
unique clinical setting. 

Ivil et al. performed FISH studies on touch prepara- 
tions obtained from tissue taken from near the enterovesi- 
cal anastomosis of ileocystoplasty patients.** They found 


Table 21-5 Chromosomal Alterations Detected by Fluorescence In Situ Hybridization UroVysion Assay in Four Urothelial 


Carcinomas Following Augmentation Cystoplasty* 


Chromosome Gain 


Chromosome Loss 


Case Chromosome 3 Chromosome 7 
1 + — 
2 + ~ 
3 + + 
4 J J 


Source: Modified from Ref. 5. 
a+, positive; —, negative. 


Chromosome 17 Chromosome 9p21 


+ = 


+ + 
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Exon 15, D646Y, GAC —> TAC 
c FGFR3 Mutation Detection 2 TP53 Mutation Detection 


Figure 21-16 Gene mutation analysis for fibroblast growth factor receptor 3 (FGFR3) and TP53 in urothelial carcinoma 
following augmentation cystoplasty. (A and B) Laser capture microdissection of urothelial carcinoma cells. (A) 
Hematoxylin and eosin-stained sections showed urothelial carcinoma before microdissection. (B) Corresponding tumor 
component after microdissection. (C) Mutation analysis of FGFR3 in urothelial carcinoma (transitional cell carcinoma, 
TCC). The chromatogram reveals a point mutation at exon 15, D646Y, GAC — TAC. The top chromatogram is sequenced 
from normal tissue; the bottom chromatogram sequenced from urothelial carcinoma. (D) Mutation analysis of TP53 in 
urothelial carcinoma. The chromatogram revealed a point mutation at exon 7, M2371, ATG — ATA. The top 
chromatogram is sequenced from normal tissue; the bottom chromatogram is sequenced from urothelial carcinoma. (From 
Ref. 5; with permission.) 


significant aneusomy despite the absence of histologic 
dysplastic changes. The most common finding was alter- 
ation of copy numbers of chromosome 18 (monosomy 
or trisomy), followed by monosomy of chromosome 9 
and monosomy/trisomy of chromosome 8. These findings 
support the notion that genetic instability is present in even 


morphologically normal tissue of some augmentation cysto- 
plasty patients, particularly adjacent to the enterovesical 
anastomosis. 

More recently, Appanna and colleagues investigated the 
genetic abnormalities in augmentation cystoplasty mucosa 
by comparative genomic hybridization (CGH), to identify 
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those patients at increased risk for tumor formation.* In 
patients without evidence of malignancy, increased ampli- 
fications of 2p, 3q, 8q, 9p, 17p, 18pq, and 20pq were noted 
in bladder biopsies from areas near the enterovesical anas- 
tomosis, as compared to those obtained more distant from 
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Other Rare Tumors 


Malignant Melanoma 


Primary malignant melanoma is rare in the bladder.!~!* 


It occurs with equal frequency in men and women, and 
the age ranges from 44 years to 81 years. Gross hema- 
turia is the most frequent presenting symptom, but some 
patients with bladder melanoma have presented with symp- 
tomatic metastases. Two-thirds of the patients have died of 
metastatic melanoma within three years of diagnosis. Fol- 
lowup of those alive at the time of other reports has been 
less than two years.®13 

Macroscopically, melanoma is dark brown to black, 
polypoid or fungating, and solid or infiltrating (Fig. 22-1). 
Some cases have a flat or “macular” appearance. It may 
arise anywhere in the bladder, and histologically resembles 
melanoma at other sites, with a variable amount of 
pigment. Occasionally, melanocytes may be present in the 
adjacent urothelium. Two cases of spindle cell melanoma 
of the bladder have been reported.! 

The generally accepted criteria for determining that 
melanoma is primary in the bladder are lack of a cutaneous 
lesion history, failure to find a regressed melanoma of 
the skin with a Woods lamp examination, failure to find 
a different visceral primary, and a pattern of spread 
consistent with bladder primary. Almost all of the tumors 
appeared darkly pigmented at cystoscopy and on gross 
pathologic examination. Their sizes range from less 


Figure 22-1 Primary malignant melanoma of the urethra and 
bladder neck. Grossly, part of the tumor displays jet-black 
pigment. 


than 1 cm to 8 cm. Histologically, the tumors show 
classic features of malignant melanoma: pleomorphic 
nuclei, spindle and polygonal cytoplasmic contours, and 
intracytoplasmic melanin pigment (Figs. 22-2 to 22-4). 
Pigment production is variable and may be absent. One 
example of clear cell melanoma has been reported. A 
few tumors were associated with melanosis of the vesical 
epithelium.'* One malignant melanoma arose in a bladder 
diverticulum. 

The major differential diagnostic concern is metastatic 
melanoma to the bladder (Table 22-1). Metastatic 
melanoma in the bladder is much more common than 
melanoma primary in the bladder. One unique case 
of melanoma metastasized to a urothelial carcinoma.’ 
Immunohistochemical procedures have shown positive 
reactions with antibodies to S100 protein and with HMB45 
or Melan A.8 


i 


Figure 22-2 Malignant melanoma. The tumor has a 
discohesive growth pattern (A). It mimics plasmacytoid 
variant urothelial carcinoma. Immunostaining for HMB45 is 
strongly positive (B). 
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Figure 22-3 Malignant melanoma. Typical features of 
melanoma, with a mixture of pigmented and nonpigmented 
cells. The tumor displayed intense cytoplasmic 
immunoreactivity for S100 protein and HMB45 (not shown). 


Figure 22-4 Malignant melanoma with prominent melanin 
depositions. 


Table 22-1 Diagnostic Criteria for Separation of Primary 


and Metastatic Malignant Melanoma of the Urinary Bladder 


e No prior history of melanoma of skin or other site. 

e Careful examination of the entire skin surface, including 
use of a Woods light to exclude a depigmented area that 
may represent regressed melanoma. 

e Clinical studies to exclude an ophthalmic or other visceral 
primary site. 

e The pattern of metastases or recurrence should be 
consistent with a primary bladder tumor rather than 
metastatic melanoma. 

e No widespread metastasis 16 months after the primary 
tumor diagnosis. 

e Atypical melanocytes should be present in the mucosa 
adjacent to the tumor nodule. 


Germ Cell Tumors 


A number of germ cell neoplasms may arise rarely in the 
bladder, including teratoma, seminoma, choriocarcinoma, 
and yolk sac tumor.!>-73 


Yolk Sac Tumor 


Although exceedingly rare, yolk sac tumor has been 
reported to occur in the bladder and in the setting of 
urachal remnants.'°-'!7 Taylor et al. reported a 1-year-old 
male Caucasian who presented with hematuria and was 
found to have a large bladder mass.'> Grossly, the tumor 
was polypoid, hemorrhagic, gelatinous, and necrotic. 
Microscopically, it contained solid and cystic areas with 
cuboidal and columnar cells displaying eosinophilic to clear 
cytoplasm. Schiller—Duval bodies and hyaline globules 
were present. The patient underwent partial cystectomy, 
pelvic lymph node dissection, and chemotherapy, and at 4 
months showed no evidence of recurrence.!> 

Another case, in a 2-year-old, arose in apparent 
urachal remnants and was entirely removed; the boy was 
tumor-free after three years.'° In a report by Huang et al., 
urachal yolk sac tumor may microscopically demonstrate 
a reticular, microcystic/macrocystic architectural pattern 
with myxoid stroma, focal solid growth, and glandular 
areas (Figs. 22-5 and 22-6).!’ Similar to testicular tumors, 
Schiller—Duval bodies may be appreciated. Differentiation 
from primary urachal adenocarcinoma may sometimes 
be challenging, especially as positivity for a-fetoprotein 
has been identified in urachal adenocarcinoma. A key 
distinguishing feature is the typical patient age, which is 
young (<2 years) for yolk sac tumor and older than 50 
years for urachal adenocarcinoma. 


Choriocarcinoma 


Pure choriocarcinoma of the bladder in the absence of 
recognizable papillary or solid urothelial carcinoma is 
rare, and is associated with an aggressive clinical course. 
Diagnostic features include syncytiotrophoblastic giant 
cells and cytotrophoblast cells that display human chori- 
onic gonadotropin (hCG) immunoreactivity (Fig. 22-7). 
Choriocarcinoma should not be confused with urothelial 
carcinoma with syncytiotrophoblastic giant cells (Fig. 22-8; 
see also Chapter 12).?+-?° One reported case had isochro- 
mosome 12 by fluorescence in situ hybridization.”° Patients 
usually have symptoms typical of other bladder cancers, 
including hematuria, dysuria, and frequency. Some male 
patients may have gynecomastia. Increased serum levels 
of hCG may be present. !9~?!303! 
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Figure 22-7 Choriocarcinoma of the urinary bladder with classic findings of syncytiotrophoblasts forming an adherent covering 
over the cytotrophoblasts (A) Immunoreactivity for hCG is limited to the syncytiotrophoblasts (B). 
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Figure 22-8 Urothelial carcinoma with syncytiotrophoblast 


differentiation. It should not be confused with 
choriocarcinoma of the bladder, which is exceedingly rare. 


Other Germ Cell Tumors 


Rare cases of teratoma arising in the bladder have been 
described in both adults and children,*? including one aris- 
ing in an 8-year-old that was cured by complete excision.” 
A unique case of seminoma involving the bladder has also 
been reported.”? 


Dermoid Cyst 


Rarely, dermoid cysts arise in the bladder of women 
between 30 and 49 years old, all presenting with non- 
specific symptoms.*?-*4 Typical pathologic features of 
dermoid cyst are present, including hair, teeth, and calci- 
fications. The possibility of direct extension from ovarian 
teratoma should be considered. 


Rhabdoid Tumor 


A small number of cases of primary rhabdoid tumor of the 
bladder have been reported.?5-37 The first case arose in a 
46-year-old woman and contained a mixture of urothelial 
carcinoma, high grade sarcoma, and rhabdoid tumor, appar- 
ently representing a case of sarcomatoid carcinoma.*° The 
other cases developed in two girls aged 6 and 14 years old, 
with typical histologic, immunohistochemical, and ultra- 
structural features of rhabdoid tumor.*>*’ Key diagnostic 
features include characteristic rhabdoid morphology, con- 
stant expression of vimentin, and variable coexpression of 
cytokeratin. Patients are young, and ultrastructural features 
include whorled cytoplasmic intermediate filaments adja- 
cent to the nucleus. 
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Perivascular Epithelioid Cell Tumor 


Perivascular epithelioid cell tumors (PEComas) are low 
grade mesenchymal tumors composed of histologically 
and immunohistochemically distinctive perivascular 
cells.*°-*? The PEComa family consists of entities such as 
angiomyolipoma, clear cell (“sugar”) tumor of the lung, 
and lymphangioleiomyoma. PEComas have alternatively 
been termed “clear cell myomelanocytic tumors.” These 
tumors characteristically exhibit an epithelioid morphology 
arranged radially around blood vessels and a more spindled 
morphology distant from the blood vessels, and coexpress 
muscle and melanocytic immunohistochemical markers 
(Figs. 22-9 to 22-11). Few well-documented examples 
of this tumor arising primarily in the bladder have been 
reported.?843-46 Patients with the PEComas of the bladder 
often present with dysuria and hematuria. The mean age at 
diagnosis is approximately 36 years. 

The largest series of PEComas, reported by Sukov and 
colleagues, consisted of three cases.*© One of the cases 
showed principally a spindle cell pattern. The second case 
was principally an epithelioid pattern, and the third case 
demonstrated a mixed pattern. In another report, the 
tumor was described as being composed of epithelioid and 
occasionally spindled cells, containing abundant cytoplasm 
that varied from clear to granular and eosinophilic. Nuclei 
were round and generally uniform; inconspicuous nucleoli 
and nuclear inclusions were observed. Mitotic figures 
were rare to absent, and necrosis was not seen.** Another 
tumor exhibited perivascularly arranged cells with granular 
eosinophilic cytoplasm, round to oval vesicular nuclei, 
and prominent nucleoli. Focal cytologic atypia and a few 
mitotic figures were identified (Fig. 22-12).4° Both of these 
tumors demonstrated intracytoplasmic glycogen in some 
tumor cells by prostate-specific antigen (PAS) staining with 
and without diastase digestion.**> The other tumor, which 
was designated as a clear cell myomelanocytic tumor, had 
clear to eosinophilic epithelioid and spindle cells arranged 
in fascicles or packets with delicate vascular stoma among 
the nests.*? Interestingly, a normal counterpart to the 
perivascular epithelioid cell has not been identified in the 
urinary bladder. 

PEComas demonstrate divergent immunoreacti- 
vity.8414647 Tumor cells may show immunoreactivity to 
antibodies against melanocytic markers such as HMB45, 
Melan A, tyrosinase, and microphthalmia transcription 
factor, as well as weakly positive immunostaining for 
myoid markers, including smooth muscle actin, smooth 
muscle myosin heavy chain, desmin, calponin, and CD117. 
The vasculature is highlighted by reticulin and CD31. The 
tumor cells typically show no immunostaining for S100 
protein, cytokeratin AE1/AE3, myoglobin, synaptophysin, 
or chromogranin. Immunoreactivity for vimentin is usually 
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Figure 22-10 Perivascular epithelioid cell tumor of the bladder (A and B). Immunostaining for smooth muscle actin is positive (B). 
(Photo courtesy of Dr. Pan.) 
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Figure 22-11 
bladder is positive for HMB45 (D). 


inconspicuous. Interestingly, PEComas are thought to be 
capable of modulating their immunophenotype according 
to morphology. For example, a PEComa with prominent 
spindle cell morphology expresses smooth muscle actin 
more strongly than HMB45. In contrast, a purely epithe- 
lioid PEComa displays HMB45 immunoreactivity and 
only focal actin positivity. PEComas with spindle cell 
morphology may display immunoreactivity for proges- 
terone receptors, suggesting a role for this hormone in 
morphologic and immunophenotypic modulation. 

A recent study by Pan et al. involved compara- 
tive genomic hybridization studies of nine perivascular 
epithelioid cell tumors, including one from the urinary 
bladder.484° All exhibited gross chromosomal aberrations. 
Frequent imbalances included losses on chromosome 
19 (eight cases), l6p (six cases), 17p (six cases), Ip 
(five cases), and 18p (four cases). Gains were seen on 
chromosome X (six cases), 12q (six cases), 3q (five 
cases), 5q (four cases), and 2q (four cases). The single 
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Perivascular epithelioid cell tumor of the bladder (A to D). Note prominent vasculature. PEComa of the urinary 


bladder tumor exhibited chromosomal gains at 3p12, 
10p15, 12p11.2—p12, and 12q21 and chromosomal loss 
at 19q13.1. Chromosomal gain on 12q13-q21 has been 
identified in different types of sarcomas. Although not 
identified in the bladder PEComa, deletions in chro- 
mosome 16p, where the TSC2 gene is located, were 
frequently identified in such tumors at other sites. These 
recurrent chromosomal aberrations provide evidence that 
the PEComa is a distinctive tumor entity at any anatomic 
location. 

Although primary epithelial tumors are by far the most 
common urinary bladder neoplasms in adults, a wide 
spectrum of soft tissue lesions can occur in the bladder,’ 4 
sometimes creating the false impression of an aggressive 
urothelial malignancy due to extravesical growth. In 
particular, perivascular epithelioid cell tumor, or PEComa, 
is a rare soft tissue lesion that may generate a broad 
differential diagnosis at the histopathologic level, due to 
its biphasic light microscopic and immunohistochemical 
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Figure 22-12  Perivascular epithelioid cell tumor of the bladder (A to D). Note ie erei atypia. Tumor call are positive for 
HMB45 (D). 


Figure 22-13 Granular cell tumor of the bladder (A and B). Tumor cells display strong immunoreactivity for S100 protein (B). 


Other Rare Tumors 


features.384146,.50-53 Tumors included in the differential 
diagnoses of PEComa include leiomyoma, leiomyosar- 
coma, paraganglioma, melanoma, clear cell sarcoma of 
soft parts, epithelioid sarcoma, postoperative spindle cell 
nodule, inflammatory myofibroblastic tumor, sarcomatoid 
carcinoma, and metastatic carcinoma. Smooth muscle 
tumor cells are typically more eosinophilic and are not 
arranged in packets; similarly, they do not typically express 
melanocytic markers. Primary malignant melanoma is rare 
in the bladder. It typically develops from the urothelium, 
is often focally melanotic, and does not demonstrate 
immunoreactivity for actin. The mixture of spindled and 
epithelioid morphology in PEComa may also raise consid- 
eration of metastatic malignant melanoma, especially in 
combination with the expression of melanocytic markers. 
However, in contrast to melanoma, expression of S100 
protein is seen in only a subset of PEComas.' Although 
very rare, extragastrointestinal stromal tumor (EGIST) 
may also show mixed epithelioid and spindled features. 
Clear cell melanoma is similar to clear cell sarcoma of soft 
parts. It shares some overlapping histologic features with 
PEComa, but the thin vascular stroma among tumor nests 
seen in PEComa is not seen in clear cell sarcoma of soft 
parts, which, instead, has nests separated by collagenous, 
avascular stroma. Whereas clear cell sarcoma of soft parts 
is immunoreactive for HMB45 and S100, it is negative for 
actin. Postoperative spindle cell nodule and inflammatory 
myofibroblastic tumor, as well as sarcomatoid carcinoma, 
can be excluded by reference to their characteristic 
histologic and immunohistochemical features.?8-50.53 

All reported cases of bladder PEComas have demon- 
strated indolent biologic behavior, but such tumors occur- 
ring at other sites have, in rare instances, behaved in a 
malignant fashion.* We have also seen a case of PEComa 
that behaved in malignant fashion. One patient was lost to 
followup, and neither of the other patients had evidence 
of recurrence at four and six years.**4 Recently, criteria 
for prediction of malignant behavior in PEComa in general 
(of all organ sites) have been proposed, including two or 
more of the following: size greater than 5 cm, infiltrative 
growth, high cellularity, high nuclear grade, necrosis, vas- 
cular invasion, and mitotic rate greater than or equal to 1 per 
50 high power fields. Tumors with only nuclear pleomor- 
phism (“symplastic” features), or size greater than 5 cm, are 
classified as having uncertain malignant potential.*°4!46>! 


Granular Cell Tumor 


Several cases of benign granular cell tumors, as well 
as a case of malignant granular cell tumor have been 
reported.°4-°! One case occurred in a patient with 
neurofibromatosis.°°> The patients range in age from 


23 years to 61 years. The most common presenting symp- 
tom was painless hematuria, sometimes accompanied by a 
palpable mass.*4~>’ One tumor presented with pain with 
micturition, while another was discovered incidentally.>?-° 

Granular cell tumors of the urinary bladder are usually 
cured by local excision, particularly if removal includes 
a rim of normal bladder tissue.*>->’ One patient received 
postoperative radiation therapy.°’ Recurrence at 10 months 
and 17 months status postexcision was reported in one 
patient, but subsequent followup at 2.5 years revealed the 
patient to be free of disease.*+ Yoshida reported recurrence 
at 6 months with no subsequent recurrence at three years 
following reexcision.*? Most cases have had no recurrence 
at followup of 1 to 18 years.5456-58.-60 

Macroscopically, the tumors are variously described as 
an encapsulated yellow-white smooth mass, an “unusual 
appearing ulcer,” or an irregular mass with a nodular sur- 
face and focal hemorrhagic degeneration. They may be 
multifocal, with tumor size up to 9 cm in greatest dimen- 
sion. 

Microscopically, the tumor is composed of large poly- 
hedral, spindle, or round cells arranged in columns and 
pseudoalveolar formations, separated by slender fibrous 
connective tissue septa (Fig. 22-13). The tumor may 
compress focally and stretch the overlying urothelium.™* 
The overlying mucosa may ulcerate or remain intact. 
Tumor cell cytoplasm is abundant and contains numerous 
pink-stained granules of varying sizes. The nuclei are 
centrally located, small, and uniform, although focal atypia 
is reported to occur in granular cell tumors at other sites. 
Mitotic figures are inconspicuous. 

Granular cell tumors stain positively for $100 protein 
and CD68, a panmacrophage antigen. Positive immunos- 
taining for neuron-specific enolase and keratin sulfate has 
been reported.°*-® Histochemically, the cytoplasmic gran- 
ules in these tumors are periodic acid—Schiff positive, dias- 
tase resistant. 

Malignant granular cell tumor is exceedingly rare in the 
urinary bladder. Ravich et al. reported one case of granu- 
lar cell “myoblastoma” in a 31-year-old male, which was 
felt to arise from the urinary bladder.°! The tumor was 
large at 12 cm x 11 cm x 9 cm, but grossly and micro- 
scopically appeared to be a granular cell tumor. A nodular 
pattern of small nuclei and finely acidophilic cytoplasmic 
granules was present without cross-striations or mitoses. 
Slender connective tissue strands separated the cords. How- 
ever, the tumor recurred after excision and metastasized 
widely, causing death 17 months later. Interestingly, most 
of the metastatic tumor at autopsy resembled the primary, 
but the recurrent tumor and the pulmonary metastases had 
different-appearing cells with larger, more hyperchromatic 
nuclei and decreased cytoplasm. No mitoses were identi- 
fied, but some “chondriosome” formation was seen.°! The 
diagnosis of malignant granular cell tumor should follow 
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the same criteria as those used in other organ sites.>! These 
tumors have three or more of the following: necrosis, spin- 
dling, vesicular nuclei with prominent nucleoli, mitotic rate 
of more than 2 mitoses per 10 high power fields, high 


of metastases. 


nuclear-to-cytoplasmic ratio, and pleomorphism. Tumors 
with fewer than three of these features are “atypical granu- 
lar cell tumors,” having an excellent prognosis and no risk 
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Overview 


The urinary bladder is involved secondarily by a wide spec- 
trum of malignancies.!~> Secondary tumors represent up to 
14% of bladder neoplasms. In a retrospective study of 282 
tumors, secondary bladder neoplasms represented 2.3% of 
all malignant bladder tumors in surgical specimens at one 
institution. ! 

The majority represent direct invasion from cancer aris- 
ing in adjacent organs. The most common primary sites 
and their relative frequencies include colon (21%), prostate 
(19%), rectum (12%), and cervix (11%).! Most tumors from 
these sites involved the bladder by direct extension. 

Metastases to the bladder from distant organs are less 
common than contiguous spread. Overall, distant metastases 
account for up to 3.5% of secondary tumors. The most 
common distant sites of origin of tumors metastatic to the 
bladder and their relative frequencies are stomach (4.3%), 
skin (melanoma) (3.9%), lung (2.8%), and breast (2.5%).! 
Infrequently, renal cell carcinoma may also metastasize to 
the bladder.* 

Secondary tumor deposits are almost always solitary 
(96.7%), and 54% of these are located in the bladder neck 
or trigone.' Over one-half of secondary tumors are adeno- 
carcinomas. Metastases should be suspected in any bladder 
tumor with unusual histology and in cases of pure adeno- 
carcinoma or squamous cell carcinoma. Occasional cases 
of pelvic lipomatosis can simulate a neoplasm extending to 
the bladder. 

In terms of differential diagnosis, few secondary tumors 
have distinctive histological features, making it difficult 
to make the appropriate diagnosis. Hence, knowledge of 
the history and clinical setting is particularly important in 
these cases. Practicing pathologists should be aware of the 
incidence and histological appearances of secondary neo- 
plasms of the urinary bladder, with emphasis on the points 
of distinction from primary tumors and their histological 
variants. Immunohistochemistry is useful for distinguish- 
ing primary tumors of the urinary bladder from metastases 
or direct extension from other sites.” 


Secondary Adenocarcinoma 


Secondary involvement of the urinary bladder by a glan- 
dular malignancy from an adjacent organ is more com- 
mon than primary bladder adenocarcinoma. Metastasis or 
direct extension of tumors originating in the colon, prostate, 
and female genital tract are probable culprits for bladder 
involvement.!° In some circumstances, these tumors can be 
indistinguishable from primary bladder adenocarcinoma by 
light microscopic examination, placing utmost importance 


on a number of additional findings, including clinical infor- 
mation and immunohistochemical studies.!! 


Colorectal Adenocarcinoma Extension to the Bladder 


Histologically, 54% of secondary tumors are adenocarci- 
nomas. Colorectal adenocarcinoma is the most frequent 
secondary malignancy to involve the urinary bladder 
(Figs. 23-1 to 23-3). Accurate diagnosis is essential 
because of potentially differing prognosis and therapeutic 
approaches. Clinical history and comparison of morphol- 
ogy are of paramount importance.*!* Spread from colonic 
or rectal primary could represent a diagnostic challenge in 
bladder transurethral resection and biopsy samples. Differ- 
entiating a secondary adenocarcinoma from primary adeno- 
carcinoma of bladder may not be possible on a morphologic 


Figure 23-1 Colorectal cancer that invades the bladder and 
prostate. 


Figure 23-2 Colonic adenocarcinoma involving the bladder. 


Secondary Tumors 


B-catenin (D). 


basis. At a number of levels, including light microscopy, 
histochemistry,!*> immunohistochemistry,!°!'!4+ and elec- 
tron microscopy,!° the tumors from both primary sites may 
have similar characteristics. The presence of a background 
of urothelial intestinal metaplasia with associated glandular 
dysplasia favors a primary origin. However, one should 
be aware of the possibility of colonization of the bladder 
urothelial mucosa by a secondary well-differentiated 
colonic adenocarcinoma mimicking intestinal metaplasia 
and glandular dysplasia background.®?!!!5-!7 Colorectal 
carcinoma involving the bladder may demonstrate villous 
projections indistinguishable from those seen in villous 
adenoma of either the bladder or colon. Similarly, within 
these villous projections, intraepithelial changes of ade- 
nocarcinoma in situ may be present, such as cribriform 
architecture or significant cytologic atypia. So-called “dirty 
necrosis,” the characteristic luminal debris associated 
with colon cancer, may be seen. The invasive component 
may sometimes undermine the overlying urothelium. 


Nonetheless, morphologic features may not always be 
reliable in proving colonic origin. 

Primary adenocarcinoma of the urinary tract shares 
a similar immunohistochemical profile with primary 
and metastatic colonic adenocarcinoma. Therefore, the 
utility of an immunohistochemical panel in differentiating 
between primary and metastatic tumors is somewhat 
limited (Fig. 23-3; Table 23-1; see also Chapters 13 
and 26). Wang and colleagues studied this challenging 
diagnostic dilemma, evaluating cases of bladder adeno- 
carcinoma that included enteric type (well to moderately 
differentiated), signet ring cell type, and clear cell type.!° 
Nuclear staining for -catenin was evident in 13 of 16 
(81%) colorectal adenocarcinoma cases, while cytoplas- 
mic, membranous, or absent staining was seen in primary 
bladder adenocarcinoma. Thrombomodulin and cytokeratin 
(CK) 7 were negative in colorectal tumors, while primary 
bladder tumors exhibited variable staining (59% and 65%, 
respectively), suggesting that they may be of some utility 
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Table 23-1 Primary Adenocarcinoma of the Bladder versus Colorectal Adenocarcinoma? 


CK7 CK20 
Bladder adenocarcinoma Pos Pos 
Colorectal adenocarcinoma Neg Pos 


Pos, positive; Neg, negative, CK7, cytokeratin 7, CK20, cytokeratin 20. 


in resolving the differential diagnosis. CK20 staining was 
present in 94% of colorectal tumors and 53% of bladder 
tumors, leaving it with somewhat limited usefulness by 
itself.!° In contrast, other authors have found occasional 
CK7 staining in colorectal tumors.'* Although villin has 
shown some utility in the differentiation of enteric-type 
bladder adenocarcinoma from urothelial carcinoma with 
glandular differentiation, it does not appear useful in 
differentiation between enteric-type bladder cancer and 
involvement by colorectal malignancy.'!' Some authors 
have found combined absence of villin and CDX2 staining 
to suggest a bladder primary,'* although a significant 
number of bladder primary tumors are CDX2 positive,!° 
as is intestinal metaplasia of the bladder.®-?.?° 

In some cases, despite extensive workup, it may still 
not be possible to ascertain if the tumor is primary adeno- 
carcinoma of the bladder or an extension from colorectal 
adenocarcinoma. It is important that the pathologists make 
a recommendation to the urologists to rule out spread from 
a colorectal primary. Radical cystectomy is usually not 
indicated in cases of secondary involvement of bladder by 
colorectal adenocarcinoma. 


Prostate Adenocarcinoma Extension to the Bladder 


The second most common source of secondary tumor 
involvement of the bladder is prostatic adenocarcinoma 
(Figs. 23-4 to 23-7). Distinction of prostatic versus 


CDX2 Villin B-Catenin Uroplakin III 
Pos Pos Pos (cytoplasmic) Pos 
Pos Pos Pos (nuclear) Neg 


urothelial origin has important prognostic and therapeu- 
tic implications since androgen deprivation therapy is 
commonly employed for advanced stage prostate cancer. 
Bladder carcinoma is more responsive than prostate cancer 
to chemotherapy. 

Most cases of secondary involvement by prostatic 
adenocarcinoma are readily recognized by the distinctive 
histology of the tumor and an immunohistochemistry 
approach will assure proper classification (Tables 23-2 and 
23-3).8:'7 However, superimposed morphologic changes, 
such as squamous differentiation due to prior hormonal 
or radiation treatment effect, could pose a difficulty 
in distinguishing prostatic carcinoma recurrence from 
primary urothelial carcinoma in small bladder biopsy spec- 
imens. Furthermore, this may become problematic when 
the tumor is poorly differentiated or when a neoplasm 
of urothelial origin demonstrates a prominent tubular 
component or more extensive glandular differentiation. 
Poorly differentiated prostate cancers may have enlarged 
nuclei and prominent nucleoli, yet there is little variability 
in nuclear shape or size from one nucleus to another. 
High grade urothelial carcinoma often displays marked 
nuclear pleomorphism with occasional nuclear anaplasia. 
Urothelial carcinoma tends to grow in nests, even when 
poorly differentiated, but usually lacks the cribriforming 
and cord-like architecture of prostate cancer. In addition, 
inflammatory background favors the diagnosis of urothelial 
carcinoma. 


is strongly positive (B). 


Figure 23-5 Prostatic adenocarcinoma involving the bladder 
(A and B). The tumor cells are relatively uniform and have 
abundant eosinophilic cytoplasm and prominent nucleoli. 


Figure 23-6 Prostatic adenocarcinoma involving the 
bladder. 
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Figure 23-7 Prostatic adenocarcinoma involving the bladder 
(A and B). Note the central comedonecrosis (B). 


A panel consisting of prostate-specific antigen (PSA), 
prostate-specific acid phosphatase (PSAP) and a- 
methylacyl-CoA racemase (AMACR; P504S), which are 
commonly positive in adenocarcinoma of the prostate, is 
useful in difficult cases (Fig. 23-8; Table 23-2). If these 
studies are inconclusive, high molecular weight cytokeratin 
(346E12), p63, uroplakin III, and thrombomodulin may 
also be used. Together, these immunostains will generally 
resolve the vast majority of cases. In the setting of poorly 
differentiated tumors, Genega et al. examined the immuno- 
histochemical profiles of prostatic adenocarcinoma and 
urothelial carcinoma, finding positivity for PSA, PSAP, or 
Leu 7 to support the former and positivity with 346E12, 
CK7, or p53 to support the latter.2! Although PSA and 
PSAP are uniformly negative in urothelial carcinoma, their 
positivity varies with the degree of tumor differentiation 
in prostatic adenocarcinoma. Mhawech and colleagues 
found positivity for one or more of the two markers to 
have a sensitivity of 95% and specificity of 100% for 
prostatic origin.?? Uroplakin III, a membrane glycoprotein 
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Table 23-2 Prostatic Adenocarcinoma Versus Urothelial Carcinoma? 
PSA/PSAP/P501S HWMCK p63 AMACR CK7 CK20 Uroplakin III 


Urothelial carcinoma Neg Pos Pos Pos/Neg Pos Pos Pos 
Prostatic adenocarcinoma Pos Neg Neg Pos Pos Neg Neg 


@PSA/PSAP/P5015S, prostate-specific antigen/prostate-specific acid phosphatase/prostein; HWMCK, high molecular weight cytokeratin 348E12; 
AMACR, a-methylacyl-CoA racemase (P504S); CK7, cytokeratin 7; CK20, cytokeratin 20. 


Table 23-3 Selected Immunochemical Biomarkers for Establishing Tumor Origin 


Urothelial carcinoma: uroplakin III, thrombomodulin, CK7, CK20, GATA3, p63, and high molecular weight cytokeratin 
(34BE12), S100P (placental S100) 


Colorectal adenocarcinoma: CDX2 (nuclear staining), B-catenin (nuclear staining), and CK20 


Prostatic adenocarcinoma: prostate-specific antigen (PSA), prostate-specific acid phosphatase (PSAP), prostate-specific 
membrane antigen (PSMA), prostein (P501S), PIN4 cocktail [high molecular weight cytokeratin (348E12), p63, and 
a-methylacyl-CoA racemase (AMACR; P504S)] 


Squamous cell carcinoma of female genital tract: CK7, high molecular weight cytokeratins (348E12), p63, Mac387, and 
human papillomavirus (HPV) 


Lung adenocarcinoma: thyroid transcription factor 1 (TTF-1), Napsin A 
Breast carcinoma: estrogen and progesterone receptors, gross cystic disease fluid protein-15 (GCDFP-15) 


Renal cell carcinoma: CD10, PAX2, and PAX8, RCC marker (RCC Ma), carbonic anhydrase-IX (CA9), a-methylacyl-CoA 
racemase (AMACR; P5045) (for papillary renal cell carcinoma) 


Melanoma: HMB45, Melan A/MART-1, tyrosinase, $100 protein 


Thyroid carcinoma: thyroglobulin, thyroid transcription factor 1 (TTF-1), galectin-3, and HBME1 (papillary thyroid 
carcinoma) 


Hepatocellular carcinoma: glypican 3, CD10, polyclonal carcinoembryonic antigen (CEA) 


Germ cell tumors: OCT4 (seminoma and embryonal carcinoma), c-kit (seminoma), CD30 (embryonal carcinoma), 
glypican 3 (yolk sac tumor), human chorionic gonadotrophin (hCG) (choriocarcinoma) 


°CK7, cytokeratin 7; CK20, cytokeratin 20; RCC, renal cell carcinoma 


(A and B). High grade prostatic adenocarcinoma (Gleason score 
5+5) mimicking urothelial carcinoma with contiguous spread to the bladder (A). A prostatic origin was confirmed by diffuse 
immunoreactivity for prostate-specific antigen (B). 


expressed in normal urothelium, demonstrates an apical 
staining pattern in urothelial carcinoma. In the same 
study, this marker was found to have 60% sensitivity 
and 100% specificity for urothelial origin. Similarly, 
thrombomodulin demonstrated a moderate sensitivity and 
excellent specificity. Combined, however, the two markers 
may reasonably be used together to support urothelial 
origin with a sensitivity of 80% and specificity of 100%. 
CK7 and CK20 alone may be insufficient for complete 
distinction of prostatic from urothelial carcinoma; however, 
negativity for both may be used as supportive evidence of 
prostatic origin and positivity for both may be supportive 
evidence of urothelial origin.” 


Carcinomas of the Female Genital Tract 
Extension to the Bladder 


Squamous Cell Carcinoma Extension to the Bladder 


Direct spread of cervical cancer is one of the most common 
nonprimary squamous cell carcinomas of the bladder. Only 
rarely is it difficult to differentiate primary bladder can- 
cer from secondary involvement by cervical cancer, since 
these tumors can easily be distinguished morphologically 
and clinically. 

In bladder cancer, squamous differentiation is associ- 
ated with typical urothelial carcinoma. The diagnosis of 
primary squamous cell carcinoma of the urinary bladder is 
restricted to pure tumors. Obtaining a proper clinical his- 
tory and the use of immunohistochemistry will help reach 
a proper diagnosis in difficult cases. Finding cervical car- 
cinoma in situ in cervical primaries is of diagnostic value. 
Uroplakin HI and thrombomodulin expression is present 
in urothelial carcinoma. CK7 is positive in both urothelial 
and cervical carcinomas. CK20 and 346E12 are usually 
negative in cervical carcinoma and positive in urothelial 
bladder carcinoma (Table 23-3). Recently, Lopez-Beltran 
et al. investigated the utility of Mac387 on 145 urothelial 
tumors with squamous differentiation.” The authors found 
that Mac387 may be a reliable marker for squamous dif- 
ferentiation in primary urothelial tumors and therefore may 
be potentially useful in distinguishing primary squamous 
cell carcinoma from direct spread from the cervix. Human 
papillomavirus (HPV) positivity supports the diagnosis of 
cervical squamous cell carcinoma. 

Bladder involvement by squamous cell carcinoma of the 
vagina poses the same clinicopathological issues. 


Bladder Involvement by Malignancy of the Female 
Genital Tract 


Aside from squamous cell carcinoma, other malignancies 
originating from the female genital tract may sometimes 
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involve the urinary bladder by either direct extension or 
metastasis.*'* Positivity for vimentin may be helpful in 
demonstrating endometrial origin, as it correctly classified 
100% of cases of bladder adenocarcinoma and 81% of cases 
of endometrial adenocarcinoma in one study.'* Metasta- 
sis from ovarian cancer should be considered in elderly 
women. Awareness of clinical history in most cases is the 
most integral diagnostic tool available to the pathologist.”*+ 


Secondary Lobular Carcinoma of the 
Breast 


The possibility of a breast carcinoma metastasis should be 
raised when the bladder neoplasm displays discohesive or 
a single cell growth pattern without overlying urothelial 
abnormalities (dysplasia or carcinoma in situ) (Fig. 23-9). 
In such cases, the differential presents with an epithelial 
infiltration in the form of cords or individual cells involv- 
ing the lamina propria, and should also include rare variants 
of urothelial carcinoma: namely, plasmacytoid/signet ring 
variant and urothelial carcinoma with lobular carcinoma- 
like features (a form of plasmacytoid bladder carcinoma).”> 
Similar to breast lobular carcinoma, this rare urothelial car- 
cinoma variant shows areas where the tumor is composed of 
uniform cells with a discohesive single cell diffusely inva- 
sive growth pattern. In areas the tumor cells are arranged 
in linear single cell patterns and, in separate areas, in solid 
sheets of discohesive cells. In all the cases, some tumor cells 
show prominent intracytoplasmic vacuoles. In addition to 
this pattern, some cases show typical urothelial carcinoma 
or carcinoma in situ. The majority of the tumors express 
CK20 but not estrogen and progesterone receptors. It is 
important to recognize this rare variant to avoid misdiagno- 
sis of metastatic lobular carcinoma of the breast, especially 
in small biopsies. 
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Figure 23-10 Micropapillary carcinoma. 


Obtaining a proper clinical history and the use of 
immunohistochemistry, such as antibodies to estrogen and 
progesterone receptors, uroplakin II, and thrombomodulin, 
will help reach a proper diagnosis (Table 23-3).*6 


Invasive Micropapillary Carcinoma: 
Primary versus Secondary 


Invasive micropapillary carcinoma is generally an aggres- 
sive morphologic variant that has been described in the 
bladder, lung, breast, salivary gland, gastrointestinal tract, 
and ovary (Fig. 23-10).”?’8 Given the morphologic simi- 
larities between invasive micropapillary carcinomas arising 
from different organ systems and the high propensity of this 
histologic subtype for lymphatic metastasis, it may be nec- 
essary to use immunohistochemical markers to determine 
the primary site of an invasive micropapillary carcinoma. 
Few studies have compared the immunohistochemical 
profiles of invasive micropapillary carcinoma originating 
from different sites. Lotan et al.” recently tested a panel 
of 11 immunohistochemical markers for their ability to 
distinguish urothelial, lung, breast, and ovarian invasive 
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micropapillary carcinoma using a tissue microarray con- 
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Metastasis from Other Organs 


Other malignancies to involve the urinary bladder include 
those of the skin (melanoma), stomach, and lung,* all of 
which may display morphologic characteristics seen in pri- 
mary bladder carcinomas. Signet ring cell carcinoma may 
be the most challenging, as such tumors exhibit a similar 
immunophenotype regardless of bladder or gastrointestinal 
origin. Knowledge of clinical information is critical for the 
diagnosis. Immunohistochemical studies and other ancil- 
lary tests are an integral part of the diagnostic workup (see 
Chapter 26 for further discussion). 
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Treatment Effects 


Overview 


The bladder and, in particular, the urothelium react to 
different therapies applied to the bladder itself (intravesi- 
cally) or as a result of secondary affectation in systemic 
therapies. Bacillus Calmette—Guérin (BCG) granulomatous 
cystitis and postsurgical necrobiotic granulomas of the 
bladder, the most common therapy-associated change, are 
covered in Chapter 2. Antineoplastic agents used in the 
bladder or systemically, such as thiotepa (triethylenethio- 
phosphoramide), mitomycin C, cyclophosphamide, BCG, 
and radiation therapy, produce urothelial changes that can 
mimic cancer histologically. Pathologists must be aware of 
the diagnostic pitfalls and exercise caution when evaluating 
urothelial atypia following treatment.'~+ The damaged 
mucosa may become ulcerated, with adjacent atypical 
regenerating urothelium showing pseudocarcinomatous 
epithelial hyperplasia (peudoepitheliomatous hyperplasia). 
In most cases, knowledge of the prior treatment is crucial 
to a correct diagnosis of the epithelial and stromal changes 
present. If the distinction between treatment-induced atypia 
and dysplasia/carcinoma in situ is uncertain, a conservative 
approach with repeat cystoscopy and biopsy is indicated, 
preferably after the inflammation has subsided. 

A handful of traditional and newer therapeutic proce- 
dures, such as chemotherapy, immunotherapy, radiother- 
apy, photodynamic and laser treatment, and gene therapy, 
are used to treat bladder cancer. These treatment modali- 
ties, used either intravesically or systemically, produce pro- 
nounced morphological changes that can be mistaken for 
carcinoma. The pathologist must be able to separate toxic 
and drug-related alterations from neoplastic processes. The 
clinical history is invaluable in this assessment. 


Chemotherapy-related Changes 


Systemic Cyclophosphamide (Cytoxan) 


This alkylating agent is used in the treatment of nonurothe- 
lial malignancies and diseases such as systemic lupus ery- 
thematosus, rheumatoid arthritis, nephrotic syndrome, and 
lymphoproliferative disorders.2>° The active metabolites 
acrolein and phosphoramide mustard are concentrated in 
the urine, where they can be in contact with the urothe- 
lium for prolonged periods. The drug is toxic to the urinary 
bladder mucosa and increases the risk of urinary bladder 
cancer. 

Cyclophosphamide therapy may induce stromal fibrosis, 
vascular changes (intimal thickening, mural fibrin depo- 
sition, and ectasia), urothelial atypia, and hemorrhagic 
cystitis (Figs. 24-1 to 24-6; Table 24-1).’® Cyclophos- 
phamide induces epithelial necrosis, followed by rapid 
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Figure 24-1 Hemorrhagic cystitis after cyclophosphamide 
(cytoxan) therapy. Note the cytologic atypia of urothelial cells. 


Figure 24-2 Reactive urothelial atypia after 
cyclophosphamide therapy. It should not be mistaken for 
urothelial carcinoma in situ. Pertinent clinical history is 
important in the diagnosis. 


atypical regeneration of the urothelium. These atypical 
features can be misdiagnosed as urothelial dysplasia 
or carcinoma in situ. Pseudocarcinomatous epithelial 
hyperplasia may also be seen (Fig. 24-7) and should not 
be mistaken for invasive carcinoma. Clinical information 
is critical for accurate diagnosis. 

The metabolic effects of cyclophosphamide, including 
arrest of cell and nuclear division, produce binucleated 
and multinucleated cells, often with large bizarre nuclei 
resembling the changes of radiation injury.™!° This 
radiomimetic effect creates cellular changes that can be 
mistaken for malignancy. There is marked but variable 
cellular and nuclear enlargement. Nuclei are often eccen- 
tric, slightly irregular in outline, and usually markedly 
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Figure 24-3 Reactive urothelial atypia after 
cyclophosphamide therapy (A and B), mimicking 
clinging-type urothelial carcinoma in situ. 


hyperchromatic.'! Chromatin may be coarse, but is usually 
evenly distributed. Nuclear pyknosis is a common late 
effect that results in loss of chromatin texture. Nucleoli are 
single or double, and occasionally large and distorted with 
irregular and sharp edges. 

In patients with muscle-invasive bladder cancer, sys- 
temic chemotherapy, in which cyclophosphamide may be 
given in combination with other agents, has been added 
to locoregional treatment in an attempt to downstage the 
primary tumor and reduce micrometastases and, in some 
instances, as a radiosensitizer. The morphological changes 
are basically characterized by tumor cell necrosis.!? 
A similar effect can be seen following perioperative 
chemotherapy. 

Hemorrhagic cystitis can be caused by systemic cyclo- 
phosphamide treatment and appears to be dose independent 
(Figs. 24-8 and 24-9; see also Chapter 3).”!!13-16 The 
histological changes include vascular ectasia with severe 


cyclophosphamide therapy (A and B). 


Figure 24-5 Reactive urothelial atypia after 
cyclophosphamide therapy. 


Treatment Effects 


Syne l 
Figure 24-6 Reactive urothelial atypia after 
cyclophosphamide therapy (A and B). The urothelium is 
distorted and hyperchromatic and is separating from the 
underlying inflamed submucosa following cyclophosphamide 


therapy. Note the prominent eosinophil infiltrates in the 
lamina propria. 


Table 24-1 Pathological Alterations Associated with 
Systemic Cyclophosphamide Treatment 


e Large binucleated and multinucleated urothelial cells 

e Degenerative changes to large bizarre nuclei resembling 
changes of radiation injury 

e Vascular changes, including intimal thickening, mural 
fibrin deposition, and telangiectasia 

e Hemorrhagic cystitis 

e Reactivation of polyomavirus infection 

e Encrusted cystitis (rare) 

e Bladder cancer following cyclophosphamide treatment 
(rare) 


edema and hemorrhage of the lamina propria, usually asso- 
ciated with necrosis of the epithelial lining and mucosal 
ulceration. Fibrosis of the lamina propria and the mus- 
cularis propria is present in 25% of cases examined at 
necropsy. Bladder wall calcification has been seen in occa- 
sional cases.!7!8 


` 


Figure 24-7 Hemorrhagic cystitis after cyclophosphamide 
therapy in a 15-year-old boy with acute myeloid leukemia 
(A to C). 


Systemic cyclophosphamide treatment may also 
induce reactivation of polyomavirus (BK virus) infection 
(Fig. 24-10). Early in the reactivation process, cells 
shedding from the bladder may mimic dysplasia or 
urothelial carcinoma. DNA aneuploidy or a hyperdiploid 
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Figure 24-8 Hemorrhagic cystitis after cyclophosphamide 
therapy. 


Figure 24-9 Hemorrhagic cystitis after cyclophosphamide 
therapy. 


DNA content may be encountered as a false-positive 
indicator of urothelial carcinoma in patients with reacti- 
vated polyomavirus associated with urothelial atypia and 
no evidence of urothelial carcinoma. Cytomegalovirus 
(CMV) infection may also be seen after cyclophosphamide 
treatment (Figs. 24-11 and 24-12). 

The evidence that cyclophosphamide increases the risk 
of bladder cancer is based primarily on case reports, but 
there is some evidence that the risk increases with the 
cumulative total dose of cyclophosphamide.!®?° Bladder 
cancer occurs most commonly in patients receiving 
cyclophosphamide for immunosuppression after organ 
transplantation or treatment of lymphoproliferative or 
myeloproliferative disorder, particularly multiple myeloma 
and Hodgkin disease. The risk of bladder cancer associated 
with cyclophosphamide is apparently increased in patients 


Figure 24-10 Polyomavirus (BK virus) infection after 
cyclophosphamide therapy (A). Immunostaining for 
polyomavirus is positive (B). 


Figure 24-11 Cytomegalovirus (CMV) infection after 
cyclophosphamide therapy (A and B). Immunostaining for 
CMV is positive (not shown). 
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cyclophosphamide therapy (A and B). 


with a history of cystitis. In this setting, urothelial carci- 
noma is the most common cancer, although squamous cell 
carcinoma, adenocarcinoma, undifferentiated carcinoma, 
fibrosarcoma, leiomyosarcoma, and sarcomatoid carcinoma 
have also been reported.?!~*4 This occurs in a minority of 
patients following prolonged administration. The average 
interval from primary tumor to bladder cancer is variable, 
although usually lengthy, and may be as long as 11 years. 


Intravesical Therapy 


Mitomycin C 

Mitomycin C, an antitumor antibiotic, is an intravesical 
chemotherapeutic agent that reduces the likelihood of tumor 
recurrences in patients with bladder cancer.?™?® It induces 
interstrand and intrastrand cross-links in many types of 
DNA, depending on the base composition of the DNA. It 
has been shown to degrade DNA and inhibit DNA synthe- 
sis, thus making it effective during the late G1 and S phases 
of the cell cycle. 


Mitomycin C increases exfoliation and denudation, mult- 
inucleation, cytoplasmic vacuolation, and the appearance 
of bizarre, nonmalignant nuclei in the superficial layer of 
the urothelium (Figs. 24-13 to 24-16; Table 24-2). Exfo- 
liation of preserved cells is followed within 48 hours by 
the appearance of degenerated cells. Toxic effects do not 
become more severe with continued exposure, and tend to 
subside after removal of the drug. Urothelial denudation 
makes recurrences difficult to detect cystoscopically and 
to document histologically; urine cytology is important for 
followup.” Table 24-3 lists features that are helpful in dis- 
tinguishing intravesical therapy-induced changes from low 
grade urothelial carcinoma. 

A marked necroinflammatory process follows admin- 
istration of topical mitomycin C. Isolated single and 
clustered macrophages are seen. The histiocytic response 
may extend deep into the bladder wall, suggesting an 


Figure 24-13 Reactive urothelial atypia after mitomycin 
therapy. Note the mitotic figure and stromal hemorrhage. 
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Figure 24-14 Reactive urothelial atypia after mitomycin 
therapy. 


Figure 24-15 Mitomycin C—induced changes, including 
stromal atypia, acute and chronic inflammation (A and B). 


Figure 24-16 Mitomycin C—induced changes. Note necrosis 
of the muscularis propria (detrusor muscle). 


inflammatory neoplasm (such as inflammatory myofibro- 
blastic tumor). Mitomycin C may also initiate nonallergic 
eosinophilic cystitis.2”?8 These agents are not metabolic 
inhibitors of DNA replication, and thus typically do not 
produce full-thickness urothelial atypia such as that seen 
after cyclophosphamide. 
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Table 24-2 Pathological Alterations Associated with 
Intravesical Chemotherapy (Mitomycin C and Thiotepa) 


Denudation of the surface urothelium 

Atypical changes in the superficial umbrella cells 
Large cells with nuclear enlargement, multinucleation, 
and eosinophilic cytoplasm 

Eosinophilic cystitis (rare) 

Hemorrhagic cystitis (rare) 

Encrusted cystitis (rare) 


A form of truncated papillae can be seen in some 
cases of low grade bladder cancer treated with intravesical 
chemotherapy. 


Thiotepa 

Triethylene thiophosphoramide (thiotepa), a polyfunc- 
tional alkylating agent, is the oldest of the intravesical 
chemotherapeutic agents still in active use today. Its 
mechanism of action involves the formation of covalent 
bonds between DNA, RNA, nucleic acids, and proteins. 
The result is the inhibition of nucleic acid synthesis. In 
addition to this effect, thiotepa reduces cell adherence, 
with a direct cytotoxic effect. 

Thiotepa produces histologic and cytologic changes sim- 
ilar to those of mitomycin C. Like mitomycin C, thiotepa 
is not a metabolic inhibitor of DNA and thus does not 
produce the atypical cells seen after cyclophosphamide ther- 
apy. It appears to affect only normal and nonneoplastic 
urothelium. Superficial cells are large and often fused, with 
vacuolated cytoplasm and enlarged hyperchromatic nuclei, 
indicative of degeneration and regeneration. Typically, the 
cells have slightly or moderately enlarged nuclei, but there 
is no significant increase in chromatin density. When mild 
to moderate hyperchromasia occurs, it usually appears with 
smudged chromatin that lacks a sharply detailed pattern. 
Nuclei are round or ovoid, with smooth, thin, chromatic 
rims, or wrinkled rims because of degeneration. Large mult- 
inucleated superficial cells frequently contain multiple small 
nucleoli and display cytoplasmic vacuolization with frayed 
borders.”° These changes occur almost exclusively in super- 
ficial cells, recognized by their abundant cytoplasm and 
convex outer borders. 

It should be kept in mind that the cytologic changes pro- 
duced by thiotepa are not specific for topical chemotherapy 
and can be produced by chronic inflammation, catheteri- 
zation, and instillation of saline. Morphologic features of 
malignancy, whether low or high grade, are not altered by 
these forms of therapy. 

Thiotepa and mitomycin C suppress tumor growth and 
progression, but they do not eradicate cancer. Apparently, 
they act as surface abrasives to destroy the tips of papil- 
lary fronds, resulting in stubby papillae lined by neoplas- 
tic cells. Urothelial denudation makes recurrences difficult 
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Table 24-3 Intravesical Therapy-associated Atypia and Low Grade Urothelial Carcinoma 


Feature Therapy-associated Atypia (Mitomycin C, Thiotepa) Low Grade Carcinoma 
Cellularity Early: high Late: low Usually high 

Cell size Enlarged Normal to minimal enlargement 
Nuclear-to-cytoplasmic ratio Normal Increased 

Staining Hyperchromatic Hyperchromatic 

Nuclear borders Irregular Irregular 

Chromatin Fine, regular Fine, regular 

Nucleoli Variable Variable 

Architecture Loose, discohesive Papillary and loose clusters 
Ploidy Diploid Usually diploid 


to detect cystoscopically and to document histologically. 
Despite denudation of the urothelium, urothelial dysplasia 
and carcinoma in situ may still be found in von Brunn nests. 


Other Chemotherapeutic Agents 

Doxorubicin hydrochloride (Adriamycin), epirubicin, 
ethoglucid (epodyl), cisplatin, and mitoxantrone are 
known to cause alterations in the bladder mucosa.3?-32 
The frequency varies from agent to agent. For instance, 
there is a 21% and 25% incidence of epirubicin- and 
doxorubicin-induced cystitis, respectively. A frequency 
of cystitis ranging from 3% to 56% has been seen with 
ethoglucid. Doxorubicin hydrochloride causes chemical 
cystitis. Danazol (a synthetic anabolic steroid) and ortho- 
toluidine (a skin-absorbed chemical) may produce severe 
vesical hemorrhage.*? Analgesic abuse with phenacetin, a 
drug with a chemical structure similar to that of aniline 
dyes, is associated with an increased risk of urothelial car- 
cinoma of the renal pelvis and bladder.*! Busulfan-induced 
hemorrhagic cystitis rarely occurs, but can be clinically 
significant.** 

A rare form of cystitis in patients receiving ketamine 
has recently been described.** The authors described seven 
cases and concluded that ketamine can lead to reactive 
urothelial changes that can mimic carcinoma in situ, but 
the long-term cancer risk remains unknown.*? 


Immunotherapy 
Bacillus Calmette-Guérin Therapy Ideally, intravesical 
treatment should eradicate residual disease and prevent 
tumor recurrence, thus ultimately averting the serious 
consequences of muscle invasion and metastasis. The 
immunotherapeutic agent BCG offers high rates of early 
and durable complete response. However, although several 
studies have demonstrated a decrease in cancer progression 
by intravesical BCG therapy, conclusive evidence of a 
survival advantage is still lacking.?>->47> Complications are 
more frequent than with topical drugs, and rarely include 
systemic infections with tubercle bacilli (TB)? 

BCG is a pleiotropic immune stimulator oriented toward 
cellular immunity. In particular, BCG has been shown 
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to activate macrophages, natural killer cells, B cells, and 
various T cells (CD4+, CD8+, and yôT cells) in vitro 
and in vivo. The analysis of cytokine production from 
human urine during BCG treatment has shown that BCG 
can stimulate the expression of interleukins (IL-1, IL-2, 
IL-4, IL-6, IL-8, IL-10, and IL-12), tumor necrosis factor 
a, granulocyte—macrophage colony-stimulating factor, the 
antiangiogenic chemokine IP-10, and interferon gamma 
(IFN-y). Of these, IFN-y appears to be a crucial mediator 
of the antimycobacterial infection response. Although 
the exact mechanism of BCG action in bladder cancer 
remains incompletely understood, BCG antitumor efficacy 
appears to depend on a cell-mediated T helper cell immune 
response. 

The histopathologic hallmark of BCG treatment is 
noncaseating granulomas (Fig. 24-17; see Chapter 2 for 
further discussion). Other changes may also be observed 
(Table 24-4). 


Immunotherapeutic Agents other than BCG Several 
immunotherapeutic agents other than BCG have been inves- 


tigated for the prophylaxis of superficial bladder cancer, 
),25:34,37-39 


including recombinant interferon-alpha (IFN-a 


Figure 24-17 Noncaseating granuloma after BCG treatment. 
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Table 24-4 Pathological Alterations Associated with 
Intravesical Immunotherapy (BCG, Interferon «) 


Denudation and ulceration of urothelium 

Noncaseating granulomas 

Reactive epithelial atypia 

Degenerated urothelial cells 

Inflammatory background with histiocytes and rare 
multinucleated giant cells 

Stromal edema (especially after interferon æ treatment) 

Perivascular inflammation with lymphocytes, eosinophils, 
plasma cells, and dendritic cells (interferon a) 

Persistence of carcinoma in situ in von Brunn nests, and 
denuding cystitis 


IFNs are known to have antiviral and direct antiproliferative 
activity and to inhibit angiogenesis, regulate differentiation, 
activate immune effector cells, induce cytokine production, 
and enhance tumor-associated antigen expression. The 
precise role of recombinant IFN-a in the treatment of 
superficial bladder cancer is still under investigation. 

Bladder cancer cells express large numbers of the IFN-a 
receptors, and greater receptor densities are found in high 
grade lesions. The indirect antitumor effects of IFNs are 
probably mediated via the stimulation of a cellular immune 
response. Intravesical recombinant IFN-a increases the 
cytotoxic activity of T cells and natural killer cells by 
increasing the infiltration of these cells into the bladder 
wall, and this improved immune cell activity persists 
for 3 to 6 months. This increases the susceptibility of 
urothelial carcinoma cells to attack from cytotoxic T cells 
and directly inhibits the proliferation of tumor cells. 

The pathological changes associated with IFN-based 
treatment are not specific and are characterized by edema 
of the lamina propria and perivascular collections of 
inflammatory cells: mainly lymphocytes, neutrophils, and 
eosinophils. 

Intravesical vaccinia virus is also considered as a promis- 
ing immunotherapeutic agent for bladder cancer.*° The lim- 
ited number of cases tested has shown a significant mucosal 
and submucosal inflammatory infiltration, characterized by 
lymphocytes, eosinophils, plasma cells, and dendritic cells. 
The tumor cells show some nuclear features that suggest a 
viral effect. 


Radiation-induced Changes 


Radiation therapy produces a variety of bladder lesions 
associated with diverse symptoms and pathologic 
findings.2~4?!4!-47 The clinical course is divided into 
three reaction patterns according to the time of onset of 
symptoms: acute, less than 6 months; subacute, 6 months 


to 2 years; and chronic, 2 to 5 years. Bladder lesions are 
caused by mucosal, stromal, and vascular damage, and 
include acute and chronic radiation cystitis with mucosal 
ulceration and bladder contracture as a late complication. 
Chronic radiation cystitis occurs in patients who received 
radiation therapy for cervical (Fig. 24-18) or prostate 
cancer (Fig. 24-19). 

Acute changes include denudation of urothelium, stroma 
edema, hemorrhage, and surface ulceration with fibrin 
deposition (Figs. 24-20 to 24-26; Table 24-5). Depending 
on the duration and severity of vesical injury, the urine 
sediment contains cellular debris and degenerated or 
necrotic urothelial cells, variable hemorrhage, and other 
inflammatory cells, including histiocytes. Urothelial cells 
are enlarged and may show striking gigantism with or 


Figure 24-18 Radiation cystitis from a 55-year-old women 
who received radiation therapy for cervical cancer. 


Figure 24-19 Radiation cystitis from a 77-year-old man who 
received radiation therapy for prostate cancer. The patient 
also developed rectourethral fistula. 
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Figure 24-22 Radiation-induced changes. Note the 
urothelial denudation and atypical stroma cells. 


mucosal atrophy, inflammation of the lamina propria, and 
marked vascular congestion (A and B). 
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Figure 24-23 Radiation-induced changes. Note the 
urothelial atypia and submucosal hemorrhage. 


Figure 24-21 Radiation-induced changes. Note the surface 
ulcer and granulation tissue, and acute and chronic 
inflammation. 


Figure 24-24 Reactive urothelial atypia after radiation 
therapy. 
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without binucleation or multinucleation. Nuclear enlarge- 
ment is also present, but the nuclear-to-cytoplasmic ratio 
is low. Enlarged nuclei may contain macronucleoli, but 
degenerative changes, including vacuolization, chromatin 
clearing, karyorrhexis, and loss of chromatin texture, 
are usually present. Nuclear irregularities and hyperchro- 
masia reflect varying degrees of pyknosis. Cytoplasmic 
vacuolization and polychromasia are characteristic find- 
ings, and frayed borders indicate cellular degeneration. 
Cytologic changes may persist in the urine sediment for 
years. Pseudocarcinomatous epithelial hyperplasia, a lesion 
uncommonly seen after radiation and/or chemotherapy, 
should be distinguished from tumor recurrence (Figs. 24-27 
and 24-28). 

Vascular changes include endothelial swelling and 
necrosis, vessel wall thickening and hyalinization, telang- 
iectasia, and thrombosis of blood vessels (Figs. 24-29 and 
24-30). Stromal edema is common, and may occasionally 
be accompanied by bizarre stromal cells, similar to those 
seen in giant cell cystitis (Figs. 24-31 and 24-32; see also 


Figure 24-25 Reactive urothelial atypia after radiation 
therapy. 


Figure 24-26 Reactive urothelial atypia after radiation 
therapy. Note the focal mucosal erosion and reactive 
urothelial cells with abundant eosinophilic cytoplasm. 


Table 24-5 Radiation-Induced Changes 


Surface ulceration and denudation 

Urothelial cell enlargement, mutinucleation, and 
cytoplasmic vacuolization 

Nodules of squamoid epithelium (reactive) and 
pseudoepitheliomatous hyperplasia 

Stromal edema, acute and chronic inflammation 

Mural thickening, hyalinization, and calcification of blood 
vessels : 

- Bladder wall fibrosis (late stage) Figure 24-27 Pseudocarcinomatous epithelial hyperplasia 


after radiation therapy (A and B). 
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Figure 24-30 Radiation-induced changes. Note the 
hyalinized vessels. 


Figure 24-28 Pseudocarcinomatous epithelial hyperplasia 
after radiation therapy (A and B). 


Figure 24-31 Radiation-induced changes. Note the atypical 
stromal cells. 
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Figure 24-29 Radiation-induced prominent accelerated Figure 24-32 Radiation-induced changes. Note the atypical 
arteriolosclerotic changes. stromal cells in a hemorrhagic background. 
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Chapter 2). Ulceration, mucosal denudation, acute and 
chronic inflammation, hemorrhage, fibrin and hemosiderin 
depositions, and stromal fibrosis and calcifications are 
often seen after radiation therapy (Figs. 24-33 to 24-36). 

Late complications of radiation injury include ulcers, 
marked contraction of the bladder due to fibrosis, and 
ureteral stricture.4° An important long-term effect of radio- 
therapy is the development of de novo radiation-induced 
bladder cancer, which usually is urothelial carcinoma 
but occasionally is squamous cell carcinoma. Rare 
examples of sarcomatoid carcinoma (or carcinosarcoma) 
and sarcoma of the urinary bladder have been reported 
(Fig. 24-37) 2-421,41,42 

See Chapter 2 for further discussion. 


Chemical Cystitis 


Ether cystitis is very uncommon, and occurs when ether is 
introduced into the bladder to dissolve a catheter balloon 
that resists mechanical deflation. Formalin, instilled vesi- 
cally to control bleeding, and turpentine ingestion, excreted 
by the kidney, creates ether-type injury, including hem- 
orrhagic urothelial necrosis, edema, and leukocytic infil- 
tration. Bonney blue is frequently instilled in the bladder 
during gynecologic surgery, but failure to dilute the con- 
centrate to 0.5% solution incites a severe chemical cystitis. 


Gene Therapy 


The discovery that many cancers develop in concert with 
the loss of function of tumor suppressor genes suggests 
that the combined regimen of gene replacement and 
chemotherapy may be therapeutically useful.*+3948-*4 


Figure 24-33 Radiation-induced changes, including 
cytologic abnormalities, chronic inflammation, and 
submucosal fibrosis. 
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Figure 24-34 Radiation-induced changes. Note the mucosal 
denudation and submucosal hemorrhage. 
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Figure 24-35 Radiation-induced changes. Note the stromal 
calcifications. 


Figure 24-36 Radiation-induced changes. Note the necrosis 
and calcifications. 
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Figure 24-37 Sarcomatoid (urothelial) carcinoma after 


radiation therapy. Cytokeratin immunostaining is strongly 
positive (not shown). 


Studies of bladder cancer have yielded several candidate 
genes for therapeutic replacement. Among these are the 
cell cycle-related genes RB, TP53, p21/WAF]1, and p16. 

Tumor suppressor gene therapy is well suited for intrav- 
esical administration. Gene-correcting and tumor vaccina- 
tion studies have been shown to be effective in animals, 
in particular by increasing the sensitivity of bladder can- 
cer cells to chemotherapeutic agents. These findings sug- 
gest that the combined regimen of gene replacement and 
chemotherapy may become an efficient and powerful tool 
for the treatment of bladder cancer. 

Very few morphological studies of cytopathological 
effects of gene therapy have been published. Various 
degrees of necrosis, more commonly seen in high grade 
lesions, are present in cancer foci (Table 24-6). Nuclear 
changes include the loss of chromatin detail and nucleoli 
in the earlier stages. In the late stages, the nuclei shrink, 
become pyknotic, and acquire a spindled morphology, in 
contrast to the normal round/ovoid shape. The resulting 
nucleus, found in dead cells, is dark, dense, pyknotic, and 
comma shaped, with no nuclear detail. Hyperchromatic 
bizarre nuclei are occasionally seen. 


Table 24-6 Pathological Changes Associated with Gene 
Therapy 


Various degrees of necrosis in cancer foci with loss of 
chromatin detail and nucleoli in the earlier phases 
following treatment 

In the late phases, the nuclei shrink, become pyknotic, and 
acquire a spindled morphology 

Normal urothelial mucosa is rarely affected by necrosis 

Intense chronic inflammatory infiltrate composed 
predominantly of B cells in the lamina propria 
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The normal urothelial mucosa is rarely affected by 
necrosis, but contains an intense chronic inflammatory 
infiltrate composed predominantly of B cells. Some 
lymphocytic infiltration is present at the tumor—normal 
bladder interface or inside the tumor itself. Macrophages 
are abundant within tumor foci, mostly in areas of necrosis. 
Injection sites with hemorrhagic foci and a foreign body 
type of giant cell reaction may be observed. 


Photodynamic and Laser Therapy 


Photodynamic and laser treatment for bladder cancer 
produces acute mucosal inflammation, with sloughing and 
edema (Table 24-7).°°-® Other findings include coagula- 
tive necrosis that may contain dystrophic calcification and 
spindle cell artifact of cells at the periphery of necrotic 
tissues, 6066-67 


Photodynamic Therapy 


Photodynamic treatment using hematoporphyrin derivatives 
is a form of novel diagnosis and treatment for bladder 
cancer.55 -60-62 Tt is based on the systemic or local admin- 
istration of photosensitizers. These substances accumulate 
in tumor tissue but not, or to some extent only, in normal 
tissue. When the photosensitizer is activated by light, it 
produces tumor necrosis, preserving normal structures. The 
response is noted 1 or 2 days after the treatment is applied. 

It can achieve a high initial complete response rate, 
especially against urothelial carcinoma in situ, but general- 
ized cutaneous photosensitivity remains limiting. Moreover, 
severe local irritative symptoms persisting for months are 
not uncommon, in addition to occasional bladder contrac- 
tures. 

The photosensitizer also accumulates in the stroma and 
in the vessel wall, suggesting tumor ischemia as a pos- 
sible mechanism of action. In fact, early morphological 
changes show intravascular coagulation and adjacent tumor 
cell necrosis. 

Histologically, it is characterized by coagulation 
necrosis, sometimes with hemorrhagic necrosis clearly 
demarcated from the nonneoplastic tissue Adjacent nonneo- 
plastic tissues may show morphological changes ranging 


Table 24-7 Pathological Alterations Associated with 
Photodynamic and Laser Treatment 


Coagulation necrosis, sometimes with hemorrhagic necrosis, 
clearly demarcated from nonneoplastic tissue 

Spindle cell artifact of urothelial cells 

Intravascular coagulation 

Stromal edema 

Fibrosis and dystrophic calcification 
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Figure 24-38 Granuloma after transurethral resection. Note 
the prominent eosinophils. 


from moderate to severe edema, but necrosis is rare. Other 
findings include spindle cell artifact of urothelial cells and 
dystrophic calcification. 


Laser Therapy 


Laser treatment has been used to ablate bladder 
tumors.>>+68-74 Lasers are usually reserved for patients 
with recurrent low grade tumors, because tissue is not 
usually available for histological evaluation. It is believed 
that the lack of biopsy tissue in such circumstances does 
not compromise patient care because these lesions are 
usually low grade Ta lesions. The neodymium: YAG laser 
has been most commonly used. Flexible fibers can usually 
be inserted through standard cystoscopes or through 
cystoscopic equipment modified for use with laser fibers. 
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Handling and Reporting of Bladder Specimens 


Specimen Handling 


Efforts have been made recently to standardize the han- 
dling and reporting of bladder specimens.!~*> The most 
common bladder specimens are endoscopic biopsies and 
transurethral resections (TURs) of the bladder. Other spec- 
imens include cystectomy (partial or total), cystoprostatec- 
tomy, pelvic exenteration (en bloc resection), and divertic- 
ulum resections. Surgical excision of an urachal carcinoma 
usually includes the bladder dome, urachus, and umbilicus. 


Biopsy and Transurethral Resection Specimens 


Small noninvasive papillary neoplasms are often excised 
using biopsy with cold-cup forceps, diathermy forceps, or a 
small diathermy loop (Fig. 25-1). Excellent biopsy results 
are obtained in the urinary bladder using computerized 
tomography—guided transmural needle biopsy with a 
1.2-mm cutting needle.” Thermal artifact may render the 
specimen uninterpretable (Fig. 25-2). In such cases, repeat 
biopsy should be obtained. To avoid tissue distortion, these 
specimens should be carefully transferred to fixative imme- 
diately upon resection. Tissue may be fixed in formalin or 
formol-saline, but picric acid-based fixatives may provide 
better tissue preservation of bladder biopsies.” Deeper 
levels should be obtained when clinically suspicious 
lesions are sampled (Fig. 25-3). 

Larger neoplasms are often sampled by TUR with a 
diathermy loop that produces strips of tissue approximately 
6 mm in width and of variable length. Additional resection 
of the tumor base may be obtained to assess the depth of 
invasion and the presence or absence of muscularis propria 
invasion (see Chapters 10 and 11 for further discussion). 


Figure 25-1 Cold-cup biopsy specimen with excellent 
histology. 


Figure 25-2 Cold-cup biopsy of the bladder markedly 
distorted by thermal artifact. This finding is uninterpretable, 
and additional biopsy is recommended. 


Figure 25-3 Deeper levels are helpful in small bladder 
biopsies. (A) The original slide did not show any significant 
pathology. (B) Deeper levels (from the same block) revealed a 
low grade papillary urothelial carcinoma. 


Handling and Reporting of Bladder Specimens 


Any erythematous or velvety area of urothelium is sam- 
pled to exclude carcinoma in situ. Random biopsies are 
also taken from cystoscopically normal urothelium distant 
from the tumor site to determine the extent of involve- 
ment. It has been suggested that random biopsy samples 
be obtained from predetermined sites in four quadrants 
of the urinary bladder.*°-*! Some urologists also submit 
biopsy specimens of the urethra to assess the extent of 
disease, particularly in patients with grade 2 or 3 (high 
grade) papillary urothelial carcinoma or carcinoma in situ 
(Table 25-1).783233 

Bladder TUR and bladder biopsy specimens are to pro- 
vide diagnostic and prognostic information for urologists 
to plan surveillance and treatment, and to predict tumor 
response to therapy. Tissues from biopsy specimens should 
be entirely embedded for histologic examination. Biopsy 
specimens obtained through the cystoscope often vary in 
size. At least two levels of sectioning should be obtained 
on each small biopsy. Proper orientation of bladder tumor 
biopsy specimens is difficult, even with a dissecting micro- 
scope. It may be necessary to reembed and reorient the 
tissue to facilitate assessment of the depth of invasion. 

TUR specimens should be weighed in aggregate. The 
number of tissue chips with involvement and gross tumor 
size should be recorded. Overfilling of specimen cassettes 
should be avoided. Papillary tumors may be grossly recog- 
nizable in these specimens and should be documented and 
submitted for histologic examination. We recommend com- 
plete submission of the specimen for histopathologic exam- 
ination, but some laboratories prefer to submit only repre- 
sentative samples. In partially sampled specimens, an effort 
should be made to select fragments that contain muscle; 
also, the proportion of the specimen processed for exam- 
ination should be stated if only partially sampled. When 
there is no evaluable muscularis propria in the sample, all 
of the tissue should be processed (or, minimally, 10 blocks 
should be submitted). 

If the tumor is noninvasive, submitting any residual 
specimen may be necessary to firmly rule out stromal 
invasion. If there is invasion into the lamina propria in 
the initial sampling, additional sampling is recommended 
to rule out muscularis propria invasion. We recommend 
that the urologist submit superficial and deep tumor base 
specimens in separate containers to facilitate the detection 
of muscularis propria invasion. Recently, it has been 
recommended that any pT1 tumor be restaged by doing an 
additional re-TUR 3 months following the initial TUR.3435 
The same criteria as those described above apply to this 
material.! 

Routine reporting of presence or absence of muscularis 
propria in the specimen when there is no cancer present may 
be useful for surgical quality control, but is not included 
uniformly by all pathologists; we consider this a useful 


Table 25-1 Reporting of Bladder Biopsy/Transurethral 
Resection Specimens 


Gross findings 
Cold-cup biopsy 
Estimated number of tissue fragments, aggregate 
dimensions 
Presence or absence of papillary growth 
All tissue fragments should be submitted 
Transurethral resection of the bladder 
Estimated number of tissue fragments, aggregate 
dimensions 
Total weight of resected tissue fragments 
Proportion of tissue embedded, if not completely 
embedded? 


Microscopic findings 
General assessment 
Epithelial surface (intact, ulcerated, denuded) 
Presence or absence of muscularis propria (detrusor 
muscle) 
Comment on cautery artifact if it compromises 
evaluation 
Tumor assessment 
Anatomic location (if available) 
Histologic diagnosis 
Specify invasive or noninvasive urothelial 
carcinoma 
Histologic grade (we recommend using both the 1973 
and 2004 WHO grading systems) 
Overall architecture (e.g., papillary, flat, ulcerated, 
solid, or nodular) 
Pattern of invasion (nodular, trabecular, or infiltrative) 
Presence or absence of lymphovascular invasion 
Extent of invasion (specify if stromal invasion is 
present or not and the level of invasion) 
Invasion into lamina propria 
Extent and/or depth of invasion should be provided 
Reporting of muscularis mucosae invasion is 
optional since muscularis mucosae is not 
uniformly present in the biopsy specimens 
Invasion into muscularis propria (detrusor muscle) 
T2 substaging (pT2a vs. T2b) cannot be performed 
on biopsy specimens 
Statements of tumor stage should be provided (e.g., at 
least T1, or T2) 
Comment that accurate staging may require 
complete resection of the tumor 
T2 substaging (pT2a vs. T2b) cannot be performed 
on biopsy specimens 
Fat invasion in biopsy is not necessarily indicative 
of extravesical invasion (pT3) since fat can be 
present throughout the bladder wall 
Findings in the adjacent mucosa 
Presence or absence of dysplasia, carcinoma in situ 
Other findings: intestinal metaplasia, cystitis 
glandularis, keratinizing squamous metaplasia 


aWe recommend that a minimum of 10 cassettes be submitted for initial 
evaluation. If lamina propria invasion is identified, the entire specimen may be 
submitted to rule out muscularis propria invasion and to further assess the extent 
of invasion. 
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statement to include in the report. The level of muscu- 
laris propria invasion (outer vs. inner one-half of muscularis 
propria wall invasion) is impossible to assess in TUR spec- 
imens, and the only reasonable statement may be “at least 
stage pT2.” The presence of adipose tissue in biopsy spec- 
imens is not a clear indication of extravesical sampling 
because fat may be present within the lamina propria or 
the muscle layers.°°77 


Cystectomy, Cystoprostatectomy, and Pelvic 
Exenteration (en Bloc Resection) Specimens 


The way these specimens are processed may be summa- 
rized in three steps: (1) orientation of the specimen and 
identification of relevant anatomic structures (e.g., ureters); 
(2) fixation of the specimen; and (3) dissection of the spec- 
imen (Fig. 25-4; Table 25-2). Peritoneum covering the sur- 
face of the bladder is a reliable anatomic landmark. In both 
male and female patients, the peritoneum descends farther 
along the posterior wall of the bladder than it does along the 
anterior wall. Other pelvic organs, if present, may also be 
used to orient the specimen. In the male, the bladder adjoins 
the rectum and seminal vesicle posteriorly, the prostate 


Ureter 


Trigone 
Bladder Neck 


Prostat 
PASSES Urethra 


Prostatic Apex 


Figure 25-4 Cystoprostatectomy specimen. Sections should 
be taken from tumor, bladder neck, trigone, anterior wall, 
posterior wall, lateral walls, dome, ureteral orifices (including 
intramural portion), margins (ureteral, urethral, and 
perivesical soft tissue), and any abnormal-appearing bladder 
mucosa. The prostate should be sampled using the standard 
protocol for radical prostatectomy specimens. (From Ref 1; 
with permission.) 
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Table 25-2 Reporting of Cystectomy Specimens 


Gross findings 
Fresh or fixed specimen 
Nature of the specimen: partial cystectomy, radical 
cystectomy, cystoprostatectomy, pelvic 
exenteration 
Three-dimensional measurements of recognizable 
anatomic structures, and of tumors or other 
recognizable lesions 
Site of involvement 
Growth pattern (papillary, flat, ulcerated, 
solid/nodular, infiltrative, indeterminate) 
Gross assessment of invasion (into lamina propria 
or muscularis propria) 
Gross extravesical fat extension 
Gross invasion into adjacent organs, such as 
prostate, ureter, urethra, uterus, vagina, or 
pelvic and abdominal wall 
Gross assessment of margin status 
Lymph nodes 
Location and the number of lymph nodes sampled 
Report if the lymph nodes are bisected or 
completely embedded 
Report if the lymph nodes are grossly involved 
by cancer 


Microscopic findings 
Anatomic location of the tumor 
Histologic diagnosis 
Tumor size and multifocality 
Histologic grade (we recommend using both the 1973 
and 2004 WHO grading systems) 
Pattern of invasion (nodular, trabecular, or infiltrative) 
Extent of invasion (pathologic staging) 
No invasion (pTa or pTis) 
Invasion into the lamina propria (pT1) 
Invasion into inner or outer half of muscularis 
propria (pT2) 
Invasion into perivesical soft tissue (pT3) 
Tumor arising in a diverticulum (specify whether 
detrusor muscle is present) 
Surgical margins 
Ureteral margin 
Urethral margins 
Perivesical soft tissue margin 
Pelvic soft tissue margin (for pelvic exenteration 
specimens) 
Presence or absence of lymphovascular invasion 
Other intraepithelial abnormalities 
Presence or absence of dysplasia and carcinoma in 
situ in adjacent mucosa, including pagetoid 
spread of carcinoma in situ 
Location and multifocality 
Other findings, such as intestinal metaplasia, 
squamous metaplasia, therapeutic treatment 
effects 
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Table 25-2 (Continued) 


Extent of tumor invasion into adjacent organs 
Prostate 
Involvement of the prostatic urethra with or 
without stromal invasion 
Involvement of prostatic ducts/acini without 
stromal invasion 
Prostatic stromal invasion 
Direct extension into the prostate from 
carcinoma through the bladder neck 
Direct extravesical extension into the prostatic 
parenchyma 
Seminal vesicle invasion through intraprostatic 
epithelium or by direct perivesical extension 
Ureter and urethra 
Report any dysplastic/neoplastic change of the 
mucosa, including pagetoid spread of 
carcinoma in situ 
Report invasion into adjacent lamina propria or 
muscularis propria 
Seminal vesicles 
Report spread of carcinoma in these organs 
either through epithelium or by direct 
extension of an infiltrative carcinoma 
Vagina/uterus 
Report direct extension or metastases to either 
organ 
Rectum, pelvic and abdominal wall 
Report direct extension or metastases 
Lymph node status 
Report the number of lymph nodes sampled 
Report the presence or absence of metastases 
If metastases are present, state the following in 
the report: 
Number of positive nodes 
Diameter of the largest metastasis 
Presence or absence of extranodal extension 
Final pathologic staging (using the 2010 TNM staging) 
Results of ancillary studies (if performed) 
Correlation with frozen section diagnosis (if 
performed) 


inferiorly, and the pubis and peritoneum anteriorly. In the 
female, the vagina is located posteriorly, and the uterus 
is located superiorly. Once the specimen is oriented, both 
ureters and, when present, the vasa deferentia should be 
identified. Location and dissection of the ureters is easier 
after fixation. The outer dimensions of the urinary bladder, 
as well as the length and diameter of ureters, should be 
recorded. The external surface of the bladder should be 
inked. 

Adequate fixation of the specimens is a prerequisite for 
adequate histologic evaluation. We recommend that large 
bladder specimens be fixed in formalin overnight. Some 


prefer to expand the bladder with formalin. Injection of 
formalin into the urinary bladder cavity is accomplished 
either through the urethra via a Foley catheter or through the 
bladder dome using a large-gauge needle after the urethra 
has been clamped. We prefer to open the bladder before 
formalin fixation. It should be opened anteriorly from the 
urethra to the bladder dome, and the bladder mucosa everted 
for close examination. Any subtle alteration of the mucosa, 
such as granularity, ulceration, hemorrhage, or erythema, 
should be carefully documented. If a grossly visible tumor 
is identified, the size, location, configuration (flat, papillary, 
solid/nodular, sessile, exophytic, endophytic, or ulcerated), 
color, and consistency of the tumor should be documented. 

After the specimen is well fixed, the dissection is 
resumed by shaving the margins from each ureter and from 
the urethra. When the specimen includes the prostate, the 
distal urethral margin is the distal end of the prostate at the 
apex. The ureters are opened at their trigone orifices and 
examined for strictures, dilatations, ulcerations, diverticula, 
or exophytic lesions. If a tumor is identified in the bladder, 
a full-thickness cut should be made through the tumor and 
bladder wall. The tumor should be sampled generously 
for accurate staging, grading, and histologic typing. For a 
large tumor, at least one section should be taken for each 
centimeter of tumor diameter. Sections are taken in such a 
way as to demonstrate the relationship of tumor to adjacent 
urothelium, its maximal level of penetration, and external 
soft tissue margin. For large exophytic tumors, several 
sections are taken from the tumor base to adequately assess 
the extent of invasion. Normal-appearing mucosa is also 
sampled to detect occult multifocal carcinomas due to the 
field effect of bladder carcinogenesis. The entire bladder 
is transversely step-sectioned at 5-mm intervals from the 
bladder neck to the dome. Perivesical fat is carefully 
searched for lymph nodes. The presence or absence of 
gross fat invasion should be documented. 

The minimum number of sections to be taken are as 
follows: tumor (more than three, depending on tumor size); 
bladder neck (one), trigone (two), anterior wall (two), poste- 
rior wall (two), lateral walls (two), dome (two), ureteral ori- 
fices (including intramural portion), margins (ureteral, ure- 
thral, and perivesical soft tissue), any abnormal-appearing 
bladder mucosa, and any perivesical lymph nodes.*® At 
least one block per centimeter of tumor diameter, up to 10 
cassette blocks, should be submitted at the initial sampling. 

Preoperative treatments or repeat TUR may render 
residual tumors grossly invisible. As TUR techniques have 
improved, there is increasing incidence of pTO carcinoma 
at cystectomy (see also Chapter 11). For such cases, the 
bladder should be sampled extensively, with particular 
attention to abnormal-appearing mucosa and to sites of 
previously documented tumor resection. 

For a cystoprostatectomy specimen, the bladder is 
opened anteriorly by an incision from the prostatic urethra 
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to the dome. The urethral mucosa is examined carefully 
for evidence of tumor extension into the prostatic urethra. 
The prostate should be examined by the established pro- 
tocol for pathological evaluation and reporting of radical 
prostatectomy specimens. The prostate is transversely 
sectioned from apex to base at 5-mm intervals, with 
the plane of the sections perpendicular to the posterior 
surface of the gland. If a tumor is grossly visible, it is 
important to document whether the tumor arises centrally 
from the prostatic urethra or more peripherally in the 
common location for prostate cancer (peripheral zone). It is 
important to take sections from the bladder neck since this 
is an important route for urothelial carcinoma to invade 
prostatic stroma.*? Recent whole-mount analysis of large 
numbers of cystoprostatectomy specimens emphasizes the 
importance of thorough prostate sampling.*° 

For pelvic exenteration specimens, the rectum, uterus, 
and vagina should be evaluated according to the standard- 
ized protocols for these organs. Pelvic soft tissue margins 
should be documented. Since the uterus and rectum are 
located posterior to the bladder, an anterior opening of 
the bladder is preferred to facilitate the documentation of 
urothelial tumors and to evaluate the tumor’s relationship 
to these other organs for staging. Sections should be taken 
to confirm the presence of each pelvic organ and to demon- 
strate the relationship between the tumor and each of these 
structures. These sections also document the resection mar- 
gins for each organ and examine each organ for primary 
disease. 


Partial Cystectomy and Urachal Resection Specimens 


Partial cystectomy specimens (including resections of diver- 
ticula) should be fixed and dissected according to the guide- 
lines for radical cystectomy (see the previous discussion). 
The edges of the specimen are inked because these repre- 
sent the surgical margins of the bladder wall. A variation of 
the partial cystectomy is performed for resections of urachal 
tract neoplasms. These specimens consist of the dome of the 
bladder in continuity with the urachal tract, including the 
umbilicus. After inking the soft tissue margin, the urachal 
tract should be sectioned serially at right angles to the long 
axis from the bladder to the umbilicus. Submit for histol- 
ogy a number of these urachal tract cross sections as well 
as the standard bladder sections. Appropriate samples of 
the soft tissue margin surrounding the urachus and of the 
skin margin around the umbilicus should be submitted for 
histology. 


Lymph Node Dissection 


The regional lymph nodes of the bladder are the pelvic 
lymph nodes below the bifurcation of the common iliac 
arteries. These include the hypogastric, obturator, iliac 
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(internal, external, not otherwise specified), perivesical, 
pelvic (not otherwise specified), sacral (lateral, sacral 
promontory), and presacral lymph nodes. The common 
iliac nodes are considered sites of distant metastasis and 
are coded as M1.*! Current nodal classification is based 
on the number and size of positive nodes. 

Recent studies have emphasized the importance of 
lymph node density,*” and we recommend that the number 
of lymph nodes sampled be clearly stated in the report. 
Unlike colon cancer, the minimum number of lymph 
nodes that should be sampled has not been established. 
We recommend at least eight lymph nodes be sampled. In 
difficult cases, a clearing solution may be used to aid in 
the detection of lymph nodes. These may, on occasion, 
be detected in the perivesical fat, so a thorough search 
should be made of this area in addition to other pelvic 
node-bearing structures. Lymph node revealing solution 
(LNRS) is helpful in recovering the hidden lymph nodes 
from fatty tissue (Figs. 25-5 and 25-6). 


Pathology Reporting 


Overview 


The pathology report should include clinically relevant 
historical information as well as clinically useful gross 
and microscopic information.!?4-%!!!416 Bladder cancer 
reports must include the specimen type, anatomic location 
of the tumor, tumor size, tumor configuration, histologic 
type, histologic grade, TNM (tumor, lymph nodes, and 
metastases) staging, tumor growth pattern, surgical margin 
status, treatment effect, lymphovascular invasion, and any 
other intraepithelial lesions (Tables 25-1 and 25-2). These 
parameters are listed in Tables 25-1 and 25-2, which 
illustrate synoptic formats for biopsy and cystectomy 
cancer specimen reports. The 2010 TNM staging system 
should be used in pathology reporting of bladder cancer 
regardless of tumor type (see Chapter 11 for further 
discussion).*! 

The biopsy report should record which tissues are 
present. Separately submitted biopsies, including random 
biopsies, should receive separate diagnoses. In patients 
with urothelial malignancy, a report of “denuded biopsy” 
is significantly different from one stating that “no tumor 
is seen.”!° Similarly, invasion of the lamina propria may 
have different implications depending on the presence or 
absence of muscularis propria. Care must be taken to dis- 
tinguish the thin and often incomplete muscularis mucosae 
within the lamina propria from the muscularis propria 
(Figs. 25-7 to 25-10; see also Chapter 10). The designa- 
tion of mere muscle invasion in the report is inadequate. 
The type of muscle being invaded, whether muscularis 
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Figure 25-5 Gross lymphadenectomy specimen. (A) 
Demonstrated here is the appearance of a separated node 
packet removed during a radical cystectomy. This picture was 
taken after formalin fixation. Note the fatty nature of the 
specimen and the lack of any easily identifiable lymph nodes. 
(B) This picture demonstrates the effects of lymph node 
revealing solution (Carnoy solution, in this case) on the tissue 
after 12-hour fixation. Notice the lightening of the fatty tissue. 
(C) After thorough sectioning, a node is located (arrow) and 
identified by its brighter white color compared to that of 
adjacent fatty soft tissue. 


Figure 25-6 Lymph node revealing solution is helpful in 
recovering the hidden lymph nodes from fatty tissue. The 
arrow points to a revealed lymph node. 


Figure 25-7 Lamina propria of the bladder wall. Note the 
presence of muscularis mucosae (left middle field), 
contrasting with thick bundled muscularis propria (detrusor 
muscle) in the right lower corner. 


mucosae (T1 carcinoma) or detrusor muscle invasion (T2 
carcinoma), should be clearly stated. Although staging 
based on the level of muscularis mucosae invasion is not 
recommended,* an indication of the extent of invasion 
is of clinical interest and should be reported. The use of 
an ocular micrometer to measure depth of invasion may 
be considered.*4-*° Patients with invasion of less than 1.5 
mm have a better prognosis than other T1 bladder cancer 
patients.*° 

The presence or absence of muscularis propria (detru- 
sor muscle), regardless of whether there is invasion, should 
also be reported as an indication of the resection adequacy. 
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Figure 25-8 Lamina propria of the bladder wall. Note the 
presence of muscularis mucosae (middle field). 


Substaging of T2 bladder cancer (T2a vs. T2b) is not fea- 
sible in bladder biopsy or TUR specimens, since the entire 
thickness of the detrusor muscle is not present. The term 
“superficial muscle invasion” in the pathology report leads 
to confusion. Therefore, it should be avoided. For biopsy 
and TUR of invasive bladder carcinoma, some urologists 
prefer a statement of pathologic stage (T1 or T2) in the 
report. In such an instance, we recommend that tumor stage 
be indicated as “at least” pT1 or pT2. 

Adipose tissue is present in the lamina propria and mus- 
cularis propria of the bladder wall (Fig. 25-11). Therefore, 
the presence of fat invasion in the biopsy or TUR specimen 
does not necessarily indicate higher stage (pT3) cancer. 
Currently, there is no reliable method to predict extra- 
vesical extension with a TUR specimen.“ However, a 
tumor with a 4-mm or greater depth of invasion in the TUR 
specimen is most likely to have extravesical extension.*® 

For biopsy and TUR specimens, it is particularly impor- 
tant to mention the presence or absence of lymphovascular 
invasion and to comment on certain histologic variants, 
such as micropapillary and nested variants of urothelial 
carcinoma.!*49 Aggressive therapies may be considered for 


Figure 25-9 Muscularis mucosae (A and B). 


those patients with lymphovascular invasion, micropapil- 
lary variant, or nested variant of urothelial carcinoma. 

Recommendations for the reporting of specimens 
from urinary bladder have been published (Tables 25-3 
and 25-4). Laboratories accredited by the College of 
American Pathologists (CAP) are required to use CAP 
cancer reporting guidelines. 


Tumor Size 


The pathology report should include the largest tumor 
dimension and information about multifocality. In an 
analysis of 249 patients with stage Ta and T1 cancer, 
Heney et al. found that tumor size was a significant 
predictor of cancer progression.°° Thirty-five percent of 
patients with tumor size >5 cm developed muscularis 
propria invasion or metastasis. On the other hand, only 9% 
of patients with tumor size below 5 cm developed cancer 
progression.°° One study found that tumor size was an 
independent predictor of distant metastasis-free survival, 
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Table 25-3 Protocol for the Examination of Biopsy and 
Transurethral Resection Specimens from Patients with 
Carcinoma of the Urinary Bladder (CAP Checklist, 2011) 


Procedure 

—— Biopsy 

__— TURBT 

— Other (specify) 
— Not specified 


Histologic type 

__— Urothelial (transitional cell) carcinoma 

___ Urothelial (transitional cell) carcinoma with 
squamous differentiation 

_____ Urothelial (transitional cell) carcinoma with 
glandular differentiation 

___— Urothelial (transitional cell) carcinoma with variant 
histology (specify) 

____ Squamous cell carcinoma, typical 

—— Squamous cell carcinoma, variant histology 
(specify) 

____ Adenocarcinoma, typical 

__— Adenocarcinoma, variant histology (specify) 

_—_— Small cell carcinoma 

____ Undifferentiated carcinoma (specify) 

— Mixed cell type (specify) 

— Other (specify) 

____ Carcinoma, type cannot be determined 


; . . Associated epithelial lesi lect all that appl 
Figure 25-10 Hypertrophic muscularis mucosae. It may be e TOR pelos (select ad Pat APPI? 


difficult to distinguish from muscularis propria (detrusor Urothelial (transitional cell) papilloma [World 
muscle) in poorly oriented or fragmented biopsy specimens. Health Organization (WHO) 2004/ International 


Society of Urologic Pathology (ISUP)] 
___— Urothelial (transitional cell) papilloma, inverted type 
— Papillary urothelial (transitional cell) neoplasm, low 
malignant potential (WHO 2004/ISUP) 
— Cannot be determined 


Histologic grade 
— Not applicable 
— Cannot be determined 


Urothelial carcinoma (WHO 2004/ISUP) 
____ Low grade 

—— High grade 

— Other (specify) 


Adenocarcinoma and squamous cell carcinoma 
— GX: Cannot be assessed 

___ G1: Well differentiated 

—— G2: Moderately differentiated 

— G3: Poorly differentiated 

____ Other (specify) 


Figure 25-11 Adipose tissue is present throughout the 
bladder wall. The presence of fat invasion in biopsy or TUR 
specimens does not indicate extravesical extension (pT3 


bladder cancer). (continued) 
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Table 25-3 (Continued) 


Tumor configuration (select all that apply) 
— Papillary 

__— Solid/nodule 

— Flat 

___ Ulcerated 

____ Indeterminate 

____ Other (specify) 


Adequacy of material for determining muscularis propria 
invasion 

_——— Muscularis propria (detrusor muscle) not identified 
_——— Muscularis propria (detrusor muscle) present 

____ Presence of muscularis propria indeterminate 


Lymphovascular invasion 
— Not identified 

— Present 

—— Indeterminate 


Microscopic extent of tumor (select all that apply) 

____ Cannot be assessed 

—— Noninvasive papillary carcinoma 

— Flat carcinoma in situ 

____ Tumor invades subepithelial connective tissue 
(lamina propria) 

— Tumor invades muscularis propria (detrusor 
muscle) 

—— Urothelial carcinoma in situ involving prostatic 
urethra in prostatic chips sampled by TURBT 

__— Urothelial carcinoma in situ involving prostatic 
ducts and acini in prostatic chips sampled by 
TURBT 

____ Urothelial carcinoma invasive into prostatic 
stroma in prostatic chips sampled by TURBT 


Additional pathologic findings (select all that apply) 
——— Urothelial dysplasia (low grade intraurothelial 
neoplasia) 
____ Inflammation/regenerative changes 
——— Therapy-related changes 
— Cautery artifact 
___ Cystitis cystica/glandularis 
—— Keratinizing squamous metaplasia 
_____ Intestinal metaplasia 
____ Other (specify) 


but not of overall survival.>! In a recent cystectomy 
series, tumor size was an independent predictor of distant 
metastasis-free survival, cancer-specific survival, and 
overall survival.°?>° The use of a 3-cm largest tumor 
diameter cutoff appeared to stratify patients into distinct 
prognostic groups (Fig. 25-12).5253 
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Table 25-4 Protocol for the Examination of Cystectomy 
(Partial, Total, or Radical; Anterior Exenteration) Specimens 
from Patients with Carcinoma of the Urinary Bladder (CAP 
Checklist, 2011) 


Specimen 

___ Bladder 

— Other (specify) 
___— Not specified 


Procedure 

— Partial cystectomy 

____ Total cystectomy 

___— Radical cystectomy 

— Radical cystoprostatectomy 
____ Anterior exenteration 

— Other (specify) 

— Not specified 


Tumor site (select all that apply) 
— Trigone 

___ Right lateral wall 

— Left lateral wall 

— Anterior wall 

____ Posterior wall 

___ Dome 

— Other (specify) 

___ Not specified 


Tumor size 

Greatest dimension: ____ cm 

Additional dimensions: ____ x ____ cm 
—— Cannot be determined (see comment) 


Histologic type 

__— Urothelial (transitional cell) carcinoma 

____ Urothelial (transitional cell) carcinoma with 
squamous differentiation 

__— Urothelial (transitional cell) carcinoma with 
glandular differentiation 

___ Urothelial (transitional cell) carcinoma with variant 
histology (specify) 

—— Squamous cell carcinoma, typical 

—— Squamous cell carcinoma, variant histology 
(specify) 

—— Adenocarcinoma, typical 

__— Adenocarcinoma, variant histology (specify) 

—— Small cell carcinoma 

—_— Undifferentiated carcinoma (specify) 

— Mixed cell type (specify) 

____ Other (specify) 

____ Carcinoma, type cannot be determined 


(continued) 


Handling and Reporting of Bladder Specimens 


Table 25-4 (Continued) 


Associated epithelial lesions (select all that apply) 

—— None identified 

—— Urothelial (transitional cell) papilloma [World 
Health Organization (WHO) 2004/ International 
Society of Urologic Pathology (ISUP)] 

__— Urothelial (transitional cell) papilloma, inverted type 

— Papillary urothelial (transitional cell) neoplasm, low 
malignant potential (WHO 2004/ISUP) 

—— Cannot be determined 


Histologic grade 
—— Not applicable 
— Cannot be determined 


Urothelial carcinoma (WHO 2004/ISUP) 
____ Low grade 

— High grade 

— Other (specify) 


Adenocarcinoma and squamous cell carcinoma 
— GX: Cannot be assessed 

— G1: Well differentiated 

__ G2: Moderately differentiated 

— G3: Poorly differentiated 

— Other (specify) 


Tumor configuration (select all that apply) 
___— Papillary 

__— Solid/nodule 

—— Flat 

___ Ulcerated 

____ Indeterminate 

____ Other (specify) 


Microscopic tumor extension (select all that apply) 
— None identified 

____ Perivesical fat 

—— Rectum 

___ Prostatic stroma 

____ Seminal vesicle (specify laterality) 
—— Vagina 

___ Uterus and adnexae 

____ Pelvic sidewall (specify laterality) 
____ Ureter (specify laterality) 

— Other (specify) 


Margins (select all that apply) 

—— Cannot be assessed 

—— Margins uninvolved by invasive carcinoma 
Distance of invasive carcinoma from closest 

margin: ___ mm 

Specify margin 

___ Margin(s) involved by invasive carcinoma 
Specify margin(s) 

__— Margin(s) uninvolved by carcinoma in situ 

___ Margin(s) involved by carcinoma in situ 
Specify margin(s) 


Table 25-4 (Continued) 


Lymphovascular invasion 
_____ Not identified 

—— Present 

_____ Indeterminate 


Pathologic staging (pTNM) 

TNM descriptors (required only if applicable) (select all 
that apply) 

—— m (multiple primary tumors) 

— r (recurrent) 

—— y (posttreatment) 


Primary tumor (pT) 

——— pTX: Primary tumor cannot be assessed 

—— pTO: No evidence of primary tumor 

—— pTa: Noninvasive papillary carcinoma 

— pTis: Carcinoma in situ: “flat tumor” 

— pT1: Tumor invades subepithelial connective tissue 
(lamina propria) 

p12: Tumor invades muscularis propria (detrusor muscle) 

—__ pT2a: Tumor invades superficial muscularis propria 
(inner half) 

—— pT2b: Tumor invades deep muscularis propria 
(outer half) 

pT3: Tumor invades perivesical tissue 

—— pT3a: Microscopically 

— pT3b: Macroscopically (extravesicular mass) 

p14: Tumor invades any of the following: prostatic 
stroma, seminal vesicles, uterus, vagina, pelvic 
wall, abdominal wall 

____ pT4a: Tumor invades prostatic stroma or uterus or 
vagina 

___ pT4b: Tumor invades pelvic wall or abdominal wall 


Regional lymph nodes (pN) 

__— pNX: Lymph nodes cannot be assessed 

____ pNO: No lymph node metastasis 

——— pN1: Single regional lymph node metastasis in the 
true pelvis (hypogastric, obturator, external iliac or 
presacral lymph node) 

—— pN2: Multiple regional lymph node metastasis in 
the true pelvis (hypogastric, obturator, external iliac 
or presacral lymph node metastasis) 

—— pN3: Lymph node metastasis to the common iliac 
lymph nodes 

___ No nodes submitted or found 

Number of lymph nodes examined 

Specify: ___ 

____ Number cannot be determined (explain) 

Number of lymph nodes involved (any size) 

Soei — 

____ Number cannot be determined (explain) 


(continued) 


535 


Handling and Reporting of Bladder Specimens 


Table 25-4 (Continued) 


Distant metastasis (pM) 
— Not applicable 

—— pM1: Distant metastasis 
Specify site(s), if known 


Additional pathologic findings (select all that apply) 

____ Adenocarcinoma of prostate (use protocol for 
carcinoma of prostate) 

—— Urothelial (transitional cell) carcinoma involving 
urethra, prostatic ducts, and acini with or without 
stromal invasion (use protocol for carcinoma of 
urethra) 

____ Urothelial dysplasia (low grade intraurothelial 
neoplasia) 

—— Inflammation/regenerative changes 

—— Therapy-related changes 

— Cystitis cystica glandularis 

— Keratinizing squamous metaplasia 

—— Intestinal metaplasia 


—— Other (specify) 
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Figure 25-12 Cancer-specific survival for 218 patients 
treated by radical cystectomy according to tumor size 

(P < 0.001). Tumor sizes were analyzed as continuous 
variables, and the median (3 cm) was used for the purpose of 
presenting. Numbers in parentheses represent numbers of 
patients under observation at three, five, and seven years. 
(From Ref. 53; with permission.) 


Gross Tumor Configuration 


The CAP Cancer Protocols and Checklist has included 
the following tumor configuration that should be reported: 
papillary, solid/nodule, flat, ulcerated, indeterminate, other 
(specify). The clinical utility and prognostic value of these 
parameters have not been clearly demonstrated. 
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Tumor Multifocality 


Development of multifocal tumors in the same patient, 
either synchronous or metachronous, is a common char- 
acteristic of urothelial malignancy.*~>’ Premalignant 
changes, such as dysplasia or carcinoma in situ, often 
are found in urothelial mucosa aside from an invasive 
bladder cancer.5®5? Studies of urothelial genetic alterations 
and of atypia mapping in cystectomy specimens confirm 
the importance of field cancerization in the development 
of multifocal urothelial tumors, especially in early-stage 
cancer. There is evidence that multifocal urothelial car- 
cinoma arises through independent concurrent genetic 
events at multiple locations in the lower urinary tract.*! 
Other studies, however, have suggested a monoclonal 
origin for multifocal urothelial carcinoma.°*® In cases 
with multifocal cancer, the location and size of each 
tumor should be documented in the gross description. 
Some studies have suggested that tumor multifocality is 
associated with poor outcome for patients with urothelial 
carcinoma.°”>©°74 Cohorts in these studies were limited 
to early-stage (Ta and T1) bladder cancer. In a recent study 
of cystectomy specimens that included more advanced 
stage cancers, tumor multifocality did not have prognostic 
significance." 


Histologic Type 


Histologic types and variants should be clearly indicated in 
the report (see Chapters 6 and 12 to 23 for appropriate 
classifications). 


Histologic Grading 


The greatest utility of histologic grading is for noninvasive 
urothelial carcinoma. Either the 1973% or the 2004° World 
Health Organization (WHO) grading system may be used 
for this purpose. We recommend using both the 1973 and 
the 2004 WHO grading systems in the reporting.!'°” We 
have proposed a four-tiered grading system that may have 
the advantages of both the 1973 and the 2004 grading sys- 
tems (see Chapter 9 for further discussion) (Fig. 25-13). 
Histologic grading for invasive bladder carcinoma is of lim- 
ited utility since the majority of these tumors are high grade 
or grade 3 urothelial carcinoma (see Chapter 9 for further 
discussion).*7-% 


Tumor Growth Pattern 


Different growth patterns are commonly seen in blad- 
der cancer. Jimenez et al. proposed a classification of 
invasive bladder tumors based on pattern of growth. 
They noted three common patterns: nodular, trabecular, 
and infiltrative.°? In the infiltrative pattern, there are 
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Figure 25-13 Histologic grading according to the new proposal (see Chapter 9 for further discussion). (A) Grade 1 urothelial 
carcinoma (low grade); (B) grade 2 urothelial carcinoma (low grade); (C) grade 3 urothelial carcinoma (high grade); (D) grade 4 


urothelial carcinoma (high grade). 


narrow cords or single cells permeating the stroma. These 
tumor cells are either highly pleomorphic or small and 
undifferentiated. Desmoplasia and necrosis are common 
with this pattern. Tumors with an infiltrative growth 
pattern are associated with a worse prognosis (median 
survival of 29 months) than that of tumors displaying 
a noninfiltrative (nodular or trabecular) growth pattern 
(median survival of 85 months).© The significance of 
assessing tumor growth pattern has been highlighted in 
a recent study.” The five-year metastasis-free survival 
rates for urothelial carcinomas with nodular, trabecular, 
and infiltrative invasion pattern were 94%, 74%, and 12%, 
respectively.” 


Lymphovascular Invasion 


The incidence of lymphovascular invasion is variable and 
has been reported to be as high as 42% (Figs. 25-14 


to 25-16).’! The presence of lymphovascular invasion in 
both bladder TUR and cystectomy specimens predicts poor 
outcome, and this finding should be included in the pathol- 
ogy report.’!~®° The five-year cancer-specific survival was 
87% and 65%, respectively, for those without and with 
lymphovascular invasion.’* In another study of 283 radical 
cystectomy specimens, vascular invasion, pathologic stage, 
and lymph node metastasis were independent predictors 
of cancer-specific survival.” In the most recent study 
of radical cystectomy specimens with stratification for 
lymphovascular invasion, this parameter was the most sig- 
nificant predictor of cancer-specific survival (P = 0.009), 
surpassing even the pT stage (P = 0.03).”? 

Identification of lymphovascular invasion is often dif- 
ficult due to artifactual clefting around nests of invasive 
carcinoma.!+8! Retraction artifact is prominent and almost 
uniformly present in the micropapillary variant of urothelial 
carcinoma.*? In suspicious cases, endothelial-lined vessels 
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Figure 25-16 Lymphovascular invasion in the sinusoidal 
vessel of a lymph node. 


Figure 25-14 Lymphovascular invasion (A and B). 


Figure 25-17 Perineural invasion. 


can be highlighted by immunohistochemical staining for 
CD31 or CD34. The presence of vascular or lymphatic inva- 
sion, and whether immunohistochemical stains assisted in 
identifying this finding, should be included in the report. 
Immunohistochemical studies directed against endothelial 
cells have found that fewer than 40% of cases with pur- 
ported vascular invasion on routine hematoxylin and eosin 
examination are definitively confirmed.” 


Perineural Invasion 


The incidence of perineural invasion is high in advanced 
stage bladder carcinoma (Figs. 25-17 to 25-19). Leissner 
et al. found perineural invasion in 47% of 283 radical cys- 
tectomy specimens.’’ Perineural invasion is often present 
Figure 25-15 Lymphovascular invasion. at fronts of fatty infiltration by urothelial carcinoma. The 


Figure 25-18 Perineural invasion (A and B). 


prognostic significance of perineural invasion is uncertain. 
In multivariate analyses, perineural invasion was not an 
independent predictor of patient outcome.’7°? 


Surgical Margins 


A positive soft tissue surgical margin is a significantly 
adverse prognostic factor.*?>*”> Tumor present at the resec- 
tion margin is assumed to indicate residual tumor in the 
patient (Figs. 25-20 to 25-22). A positive margin should 
be classified as macroscopic or microscopic according to 
the findings at gross examination and at the microscopic 
study of inked margins. The incidence of positive soft tis- 
sue margins is 4% in modern series, and a positive soft 
tissue margin is associated with poor cancer survival.5?>4 
Five-year cancer-specific survival rates of 32% and 72% 
were found for those with and without positive surgical 
margins, respectively (Fig. 25-23).°> None of the patients 
with positive margins survived after 10 years.>* 
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Figure 25-19 Perineural invasion (A and B). 


The resection margins should be specified individually in 
the pathology report, especially when positive. The follow- 
ing margins should be reported separately: ureteral (right 
and left), urethral, perivesical soft tissue, and pelvic soft tis- 
sue margins (for pelvic exenteration specimens). In cases of 
urachal adenocarcinoma in which partial cystectomy with 
excision of the urachal tract and umbilicus is performed, the 
margins of the urachal tract (i.e., the soft tissue surround- 
ing the urachus and the skin around the umbilical margin) 
should be specified. 

Consistent and standardized pathologic evaluation is 
essential for comparison of treatment results between 
clinical trials and for translational research endeavors. 


Tissue Artifacts 


Pathologists should alert surgeons when important tissue 
artifacts are encountered, including mechanical distortion 
that occurs when tissues are transferred from biopsy forceps 
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Figure 25-20 Positive margins visualized by standard white light cystoscopy (left) and fluorescence cystoscopy (right). 
Hexaminolevulinate causes photoactive porphyrins to accumulate preferentially in rapidly proliferating tumor cells. These 
porphyrins emit red fluorescence when exposed to blue light. (Photo courtesy of Dr. Montironi.) 
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Figure 25-21 Positive surgical margins. Tumor cells are at 
the inked margin. 


to fixative with the aid of a gauze swab, and thermal distor- 
tion that occurs when tissue is overheated by the diathermy 
loop (Figs. 25-24 to 25-26; see also Chapter 10). The 
epithelium of carcinoma in situ is particularly delicate and 
prone to partial or complete (denuding cystitis) detachment 
from the lamina propria. Occasionally, carcinoma in situ 
is identified in von Brunn nests, even when the overlying 
urothelium is denuded.*? 
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Figure 25-22 Positive surgical margins. 


Treatment Effect 


The pathologists should be aware of a variety of histo- 
logic changes associated with different therapeutic regimens 
(see Chapter 24 for further discussion). Pathology reports 
should comment on the presence or absence of treatment 
effect. 
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Figure 25-23 Cancer-specific survival for 218 patients treated 
by radical cystectomy is shown according to surgical margin 
status (P = 0.001). Numbers in parentheses represent numbers 
of patients under observation at three, five, and seven years. 
(From Ref. 53; with permission.) 


immunostaining for prostate-specific antigen confirms the diag- 
nosis of prostatic adenocarcinoma. 


Figure 25-24 Crushing artifact. This biopsy specimen is unin- 
terpretable. 


Tumor infiltrates the muscularis propria 
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Urothelial carcinomas represent a diverse group of chal- 
lenging diagnostic entities. Most urothelial neoplasms are 
diagnosed based on morphology alone; however, ancillary 
immunohistochemistry (IHC) may be needed in some cases. 
The utility of IHC continues to improve when biomarkers 
are used in a panel approach. 


Markers Useful for the Determination 
of Urothelial Origin 


The diagnosis of urothelial carcinoma is usually straightfor- 
ward based on morphology alone. However, some poorly 
differentiated urothelial carcinomas can mimic nonurothe- 
lial carcinomas. Therefore, sensitive and specific markers 
of urothelial origin are needed, especially in the setting of 
metastatic tumors. A panel of immunomarkers should be 
used to establish urothelial origin (Fig. 26-1; Table 26-1). 
In the authors’ experience, cytokeratin 20 (CK20), high 
molecular weight cytokeratin (HMWCK) 346E12, and 
p63 are the most useful markers in establishing urothelial 
origin. 

The apical surface of superficial umbrella cells of urothe- 
lium is covered by rigid-appearing urothelial plaques, also 
known as asymmetric unit membranes. These plaques are 
composed of uroplakins, a group of integral transmembra- 
nous proteins synthesized by mammalian urothelia as their 
major differentiated products.'~+ Four uroplakins have been 
identified, including uroplakin Ia, uroplakin Ib, uroplakin 
II, and uroplakin II. Uroplakin II has been validated as a 
highly specific immunohistochemical marker for urothelial 
tumor, although with moderate sensitivity.’ Kaufmann 
et al. reported that 57% of urothelial carcinomas were pos- 
itively stained by uroplakin III, but all of the other 318 
nonurothelial carcinomas were consistently negative.> In a 
microarray study, Parker and his colleagues observed a sim- 
ilar result, in which all 498 nonurothelial tumors and normal 
tissue were negative for uroplakin II, but 64 of 112 (57%) 
urothelial tumors displayed uroplakin expression.® It has 
been noted that the sensitivity of uroplakin II expression 
decreases during the progression from noninvasive to inva- 
sive urothelial carcinoma.’~? 

Thrombomodulin is another sensitive and specific 
urothelial marker with a sensitivity of 69% and a speci- 
ficity of 96% for urothelial lesions. Another study found 
thrombomodulin expression in 91% of primary urothelial 
carcinomas. !° 

Cytokeratin 7 (CK7) is present in a wide variety of 
simple epithelia, including the lung, cervix, breast, bile 
ducts, collecting ducts of the kidney, urothelium, and 
mesothelium. However, it is largely absent in gastrointesti- 
nal epithelium, hepatocytes, proximal and distal tubules of 
the kidney, and squamous cell epithelia. Conversely, CK20 


CORNEA BR Dh he ee 
Figure 26-1 Metastatic urothelial carcinoma involving the 
liver (A). Positive immunostaining for cytokeratin 20 (B) and 
uroplakin III (C) confirms the bladder primary. 
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Table 26-1 Markers Useful in Establishing Urothelial 
Origins 

CK7 and CK20 

High molecular weight cytokeratin 346E12 

p63 

Uroplakin III 

Thrombomodulin 

Placental S100 (S100P) 

GATA-binding protein 3 (GATA3) 


is present in human intestinal epithelium, gastric foveolar 
cells, urothelial umbrella cells, and Merkel cells of the 
epidermis. This relatively limited tissue distribution of 
CK20 is useful in the differential diagnosis of carcinoma 
of unknown primary, especially in combination with CK7 
(Table 26-2). Urothelial carcinomas characteristically 
coexpress CK7 and CK20 in 40% to 80% of cases 
(Table 26-2).°!! Conversely, hepatocellular carcinoma, 
prostatic adenocarcinoma, renal cell carcinoma, squamous 
cell carcinoma, and neuroendocrine carcinoma are usually 
negative for both CK7 and CK20. The immunophe- 
notype CK7—/CK20+ is highly specific for colorectal 
adenocarcinomas, whereas CK7+/CK20— is found in 
the vast majority of carcinomas arising from other sites, 
including ovary, endometrium, breast, lung, and malignant 
mesothelioma (Table 26-2).!* 

HMWCKs are typically expressed in a wide variety of 
epithelia, including the urinary bladder and prostate gland 
(Fig. 26-2). Monoclonal antibody clone 346E12 is specific 
for HMWCK 1, 5, 10, and 14 in Moll’s catalog, corre- 
sponding to molecular weight 68, 58, 56.5, and 50 kDa, 
respectively.! It has been reported that HMWCK anti- 
body clone 34fE12 is a very sensitive marker for high 
grade invasive urothelial carcinoma, particularly when used 
with microwave heat retrieval.'* Parker et al.° demonstrated 
HMWCK in 80% of urothelial neoplasms, which is con- 
sistent with previous studies.®!}!516 The 346E12 staining 
should be interpreted with caution in carcinomas with squa- 
mous differentiation. While diffuse HMWCK immunore- 
activity in typical high grade carcinoma would indicate 
urothelial carcinoma rather than prostate cancer, HMWCK 
positivity restricted to areas of squamous differentiation 
would not exclude prostate cancer.!” 

p63 is a relatively new biomarker used for identify- 
ing urothelium. The p63 gene, located on chromosome 
3q27-—28, is a member of the 7P53 gene family. p63 is 
expressed predominantly in basal and squamous cell carci- 
noma and urothelial carcinoma, but not in adenocarcinoma. 
When used as part of a panel of immunohistochemical 
stains, p63 increases the sensitivity and specificity for iden- 
tifying neoplasms of urothelial origin. 


Predominantly CK7+/CK20+ 
Urothelial carcinoma 
Ovarian mucinous tumors 
Endocervical adenocarcinoma 
Small intestinal adenocarcinoma 
Cholangiocarcinoma 
Pancreatic adenocarcinoma 
Gastric adenocarcinoma 


Predominantly CK7—/CK20+ 
Colorectal adenocarcinoma 
Appendiceal adenocarcinoma 
Appendiceal goblet cell carcinoid 
Merkel cell carcinoma 


b 


Predominantly CK7—/CK20— 

Prostatic adenocarcinoma 

Clear cell renal cell carcinoma 

Adrenal cortical carcinoma 

Germ cell tumor 

Esophageal squamous cell carcinoma 

Head and neck squamous cell 
carcinoma 

Hepatocellular carcinoma 

Gastrointestinal and lung carcinoid 

high grade neuroendocrine 
carcinoma 

Small cell carcinoma 

Lung squamous cell carcinoma 

Lung carcinoid 

Lung high grade neuroendocrine 
carcinoma 

Thymoma 


Predominantly CK7+/CK20— 

Primary seminal vesicle 
adenocarcinoma 

Ovarian nonmucinous carcinoma 

Uterine adenocarcinoma 

Cervical squamous cell carcinoma 

Breast carcinoma 

Breast colloid adenocarcinoma 

Esophageal adenocarcinoma 

Lung adenocarcinoma 

Mesothelioma 

Thyroid papillary and follicular 
carcinoma 

Salivary gland neoplasms 

Papillary renal cell carcinoma 


a+, positive; —, negative. 
>CK7 positivity more common in rectal carcinoma. 


CK7 


++etet¢t+ + 


++ 


Table 26-2 Establishing Tumor Origins Using CK7 and 
CK20 Markers? 


++++ 
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Figure 26-2 Papillary urothelial carcinoma of the bladder (A to D). High molecular weight cytokeratin 348E12 stainings is 


typically restricted to basal and intermediate cell layers of normal urothelium (B and D). 


Placental S100 (S100P) and GATA-binding protein 3 
(GATA3) are markers recently identified for urothelial 
carcinoma. Higgins et al. analyzed expression patterns in 
prostate and bladder cancer tissue using complementary 
DNA microarrays and IHC.!8 They found that S100P 
stained 78% (n = 300) of urothelial carcinomas and only 
2% (n= 256) of prostatic adenocarcinomas. GATA3 
stained 67% (n = 308) of urothelial carcinomas, but none 
of the prostate carcinomas. When S100P and p63 were 
combined, 95% of urothelial carcinomas were labeled by 
one or both markers. Taken together, their study indicates 
that both S100P and GATA3 may be novel biomarkers 
useful in identifying tumors of urothelial origin. 

Because of the limitation of a single marker, a panel of 
markers has been used to confirm urothelial origin. A panel 
consisting of antibodies to uroplakin HI, thrombomodulin, 
HMWCK (1, 5, 10, and 14), and CK20 was investigated 
in 112 urothelial tumors. The overall positive staining 
results were as follows: uroplakin III, 64 of 112 (57%); 
thrombomodulin, 77 of 112 (69%); HMWCK, 88 of 110 


(80%); and CK20, 53 of 110 (48%). The authors suggest 
that the coexpression of thrombomodulin, HMWCK, and 
CK20 strongly suggests urothelial origin. The coexpression 
of two of three nonuroplakin II markers (thrombomodulin, 
HMWCK, CK20) suggests urothelial origin but requires 
clinicopathologic correlation.° 


Distinguishing Muscularis Propria from 
Muscularis Mucosae 


Distinguishing muscularis propria from muscularis 
mucosae, particularly in transurethral resections can be a 
potential problem in staging bladder cancer.!? Council and 
Hameed investigated the role of several immunohistochem- 
ical markers in distinguishing smooth muscle cells of the 
muscularis propria from the muscularis mucosae, including 
vimentin and smoothelin.2? Smoothelin is a novel smooth 
muscle-specific contractile protein expressed only by fully 
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Figure 26-3 Utility of smoothelin in distinguishing muscularis mucosae from muscularis propria (A to F). Smoothelin staining is 
negative or weak in muscularis mucosae (D). Muscularis propria (detrusor muscle) is strongly positive for smoothelin (B and F). 
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differentiated smooth muscle cells, and not by proliferative 
or noncontractile smooth muscle cells or myofibroblasts 
(Fig. 26-3). The authors found that differential expression 
of smoothelin and vimentin could distinguish between 
the two muscle layers. The sensitivity and specificity of 
strong smoothelin expression was 100% for muscularis 
propria, whereas sensitivity and specificity for vimentin 
expression was 93% and 82%, respectively. Muscularis 
propria displayed moderate smoothelin expression in one 
(9%) of 11 cases studied. Paner et al. made similar findings 
in their study of 10 transurethral resection specimens, 
suggesting that the relatively distinct immunohistochemical 
staining pattern of smoothelin between muscularis propria 
and muscularis mucosa makes it a robust marker to be 
used in staging bladder urothelial carcinoma.7! 


Distinguishing Dysplasia and Carcinoma 
in Situ from Reactive Atypia 


The expression of CK20 is restricted to superficial 
“umbrella” cells and occasional intermediate cells in the 
benign and reactive urothelium, even in the presence of 
severe inflammation.*?* However, there is usually loss 
of this cellular restriction, at least focally, in dysplasia 
and carcinoma in situ (CIS), with positive expression in 
all layers of the urothelium in 31 of 36 cases.” Thus, 
abnormal expression of CK20 is a useful adjunct to 
morphology in the diagnosis of dysplasia and may be 
of greatest utility in the distinction from reactive states 
in which diagnostic difficulties are greatest (Fig. 26-4). 
Abnormal expression of CK20 also predicted recurrence 
in patients with urothelial dysplasia, although this finding 
has not been confirmed independently.” Aberrant CK20 
and HWMCK 348E12 expression may also be predictive 
of bladder cancer recurrences.”° 

Previous reports have described the utility of CK20, p53, 
Ki67, and CD44 in distinguishing normal urothelium from 
dysplasia and CIS (Figs. 26-5 to 26-7; Table 26-3).4+7°-28 
CK20 is limited to the superficial umbrella cells in 
normal urothelium, whereas CD44 staining is limited to 
the basal and parabasal urothelial cells, and p53 nuclear 
staining is absent to focal. In urothelium with reactive 
atypia, CD44 shows increased reactivity in all layers 
of the urothelium. CK20 and p53 staining patterns are 
identical to normal conditions in reactive atypia. In cases 
of CIS, CK20 shows diffuse, strong cytoplasmic reactivity, 
and p53 is observed throughout the urothelium. Ki67 
is absent or only focally positive in normal urothelium, 
but its expression is increased in urothelial dysplasia and 
CIS. Recently, Yin et al. investigated a panel including 
CK20 and Ki67 immunostains to distinguish CIS from 
flat nonneoplastic urothelium.”? The authors found that 


CIS showed CK20 staining of deep urothelial cells in 
88% of CIS cases compared to restricted staining of the 
surface cells of nonneoplastic urothelium. Additionally, 
CIS had a significantly increased Ki67 index compared 
to nonneoplastic urothelium. These findings suggest that 
aberrant expression of either CK20 or Ki67 should raise 
the suspicion for dysplasia or CIS. p/6"** is a tumor 
suppressor gene that plays an important role in the cell 
cycle. Recently, Yin et al. showed increased expression 
of p16 in CIS compared to normal and reactive atypia, 
suggesting that pl6 immunoreactivity may be a reliable 
marker of urothelial CIS.*° 

Expression of RNA-binding protein IMP3 (KOC) also 
appears to be useful in the diagnosis of urothelial CIS as 
well as high grade papillary tumors and invasive urothe- 
lial carcinoma.*! Li et al. showed that IMP3 is gener- 
ally not expressed in benign and/or low grade urothelial 
tumors, whereas it is frequently overexpressed in high grade 
urothelial lesions, including CIS.*! Including p53 immunos- 
taining with IMP3 appears to further improve the diagnostic 
accuracy. 


Figure 26-4 Urothelial dysplasia (A and B). Cytokeratin 20 
(CK20) is usually confined in the superficial cells of normal 
urothelium. Aberrant CK20 expression is useful in the 
diagnosis of urothelial dysplasia (B). 
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Figure 26-6 Urothelial dysplasia (A and B). URO-3 triple 
stain (B): (CD44, p53, and CK20) (A and B). CD44 (blue) 
cytoplasmic, p53 (brown) nuclear, and CK20 (red) 
cytoplasmic staining. 


Distinguishing Urothelial Carcinoma from 
Prostatic Adenocarcinoma 


Prostatic adenocarcinoma may represent a differential 
diagnostic problem when extending into the bladder and 


d f a j- may sometimes be morphologically indistinguishable from 

ed D na @ 4 x p poorly differentiated urothelial carcinoma (Fig. 26-8). 

* aot è ee o z Furthermore, urothelial carcinoma with glandular differen- 
% = o `oe P e02? o 9, tiation or clear cell features may rarely resemble prostate 
Figure 26-5 Urothelial carcinoma in situ (CIS), pagetoid adenocarcinoma. Immunohistochemical analysis may be 
spread (A). Immunostainings for cytokeratin 20 (B) and p53 warranted in these situations (Table 26-4).47” Kunju et al. 
(C) highlight malignant CIS cells. evaluated prostate-specific antigen (PSA), prostate-specific 


acid phosphatase (PSAP), HMWCK (346E12), CK7, 
CK20, and p63 as a possible panel to reliably distinguish 
poorly differentiated prostate carcinoma from urothelial 
carcinoma.** They found that 95% of documented prostate 
carcinomas and 97% of urothelial carcinomas expressed a 
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Figure 26-7 Urothelial carcinoma in situ (A and B). URO-3 triple stain (B): CD44 (blue) cytoplasmic, p53 (brown) 


nuclear, and CK20 (red) cytoplasmic staining. 


Table 26-3 Immunohistochemical Features of Selected Flat Urothelial Lesions 


Normal Reactive Atypia Dysplasia Carcinoma in Situ 
CK20 Limited to Limited to umbrella cells Increased reactivity May be full thickness 
umbrella cells in deeper layers 
CD44 Limited to basal Increased reactivity in Absent Absent 
cells all cell layers 
p53 Absent Absent Positive Positive 


diagnostic immunohistochemical profile: prostate cancer 
was PSA+/HMWCK— and/or p63-negative, whereas 
urothelial carcinoma was PSA—HMWCK- and/or p63+. 
It should be emphasized that PSA and PSAP expression 
may become decreased or absent with increasing Gleason 
score. Inclusion of thrombomodulin and uroplakin IMI 
may be helpful in some instances. Both uroplakin II 
and thrombomodulin expression support urothelial origin, 
whereas prostate adenocarcinoma is negative for these 
biomarkers. Although CK7+/CK20+ or CK7+/CK20— 
supports urothelial carcinoma and CK7—/CK20— supports 
prostate origin, results frequently overlap. Thus, a cyto- 
keratin immunoprofile may not be helpful in distinguishing 
urothelial carcinoma from prostate carcinoma. Newer 
markers, such as prostein (P501S), prostate-specific mem- 
brane antigen (PSMA), proPSA (pPSA), and NKX3 may 
be of added utility.” We currently use a panel consisting of 
PSA, PSAP, and a-methylacyl-CoA racemase (AMACR; 
P504S), which are commonly positive in adenocarcinoma 
of the prostate. If these studies are inconclusive, we 
followup with uroplakin II, thrombomodulin, and p63. 
Together, these immunostains will generally resolve the 
vast majority of cases (Table 26-4). 


Differentiating Primary Squamous Cell 
Carcinoma of the Bladder from Secondary 
Tumors 


Carcinomas with squamous differentiation pose a great 
challenge. The diagnosis of primary squamous cell 
carcinoma of the urinary bladder is restricted to pure 
tumors lacking a urothelial component.*+ The majority 
of primary squamous cell carcinomas of the bladder 
and secondary squamous cell carcinomas of cervical 
origin are positive for both HMWCK and p63, limit- 
ing their diagnostic utility in this situation. Recently, 
Lopez-Beltran et al. investigated the utility of Mac387 
on 145 urothelial tumors with squamous differentiation.’ 
Mac387 detects the myelomonocytic L1 antigen, which 
is a member of the calgranulin family shared by epithe- 
lial cells and keratinocytes. The authors found that 
Mac387 may be a reliable marker for squamous differ- 
entiation in primary urothelial tumors, and helpful in 
distinguishing squamous cell carcinoma of the cervix 
secondarily involving the bladder. Human papillomavirus 
(HPV) in situ hybridization and/or IHC may also be 
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extending into the bladder (A and B). p16, a surrogate marker 
for HPV infection, is strongly positive (B). 


helpful (Fig. 26-9). Primary squamous cell carcinoma of 
the urinary bladder is typically negative for HPV. 


Glandular Tumors 


Differential diagnosis of glandular lesions of the bladder is 


Figure 26-8 Ductal-type prostatic adenocarcinoma involving quite broad, and distinguishing primary bladder adenocar- 


the urinary bladder (A to C). Immunostaining for prostate- cinoma from secondary involvement could be challenging 
specific antigen is strongly positive (B). (see also Chapter 13).°° The immunohistochemical profile 


Table 26-4 Immunohistochemical Panel to Distinguish Prostate from Urothelial Carcinoma? 


| PSA PSAP 34BE12 


Thrombomodulin 


tf + + + 


Prostate carcinoma aP 
Urothelial carcinoma = 


I+ 


! 


PSA, prostate-specific antigen; PSAP, prostate-specific acid phosphatase. 
by positive; —, negative. 
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Figure 26-10 Colorectal adenocarcinoma involving the bladder (A to D). Tumor cells are strongly positive for cytokeratin 20 (B), 
CDX2 (C), and negative for p63 (D). p63 stains the basal and intermediate cells in normal urothelium. 


of primary adenocarcinoma of the bladder is variable, with 
a significant degree of overlap with traditional markers 
CK7, CK20, villin, 6-catenin, and CDX2 (Fig. 26-10). In 
general, the immunophenotype resembles that of colonic 
adenocarcinoma.**° 

-catenin is a cadherin-binding protein that plays 
a critical role in both signal transduction and inter- 
cellular adhesion.’ The dysfunction of f-catenin has 
recently been recognized as related to the development 
of urothelial malignancy.*8-*° Hanlin et al. investigated 
the immunohistochemical distinction between primary 
adenocarcinoma of the bladder and secondary colorectal 
adenocarcinoma.*! Immunohistochemical studies utilizing 
-catenin demonstrated positive nuclear staining in 81% 
of the colorectal adenocarcinomas secondarily involving 
the bladder, but none in the primary adenocarcinomas 
of the bladder. Thrombomodulin was positive in 59% of 
primary adenocarcinomas of the bladder. Villin is positive 
in the enteric type of adenocarcinoma of the bladder.4” 


Taken together, these findings suggest that a panel of 
immunostains including CK7, CK20, thrombomodulin, and 
f-catenin is of diagnostic value in distinguishing primary 
adenocarcinoma of the bladder from secondary colorectal 
adenocarcinoma. 

The CDX2 gene is a homeobox gene involved in 
regulating the differentiation and maintenance of intestinal 
epithelium. Several studies have demonstrated significant 
expression of CDX2 in adenocarcinomas and intestinal 
metaplasia at various sites.444> In the urinary tract, 
immunoreactivity to CDX2 has been reported in up to 83% 
of cases of intestinal metaplasia*® and in 47% of primary 
adenocarcinomas.“ 

Primary signet ring cell carcinoma of the bladder 
is an extremely rare, high grade neoplasm with a poor 
prognosis.*84? Thomas et al. evaluated the utility of 
immunohistochemical markers, including CK7, CK20, 
villin-1, CDX2, and 6-catenin, in nine tumors with signet 
ring cell morphology.*® They found that the absence of 


CDX2 and villin appeared to be the most robust markers 
in the determination of primary bladder origin. E-cadherin 
expression was identified in a subset of tumors with 
signet ring cell features, which could be misinterpreted as 
indicating metastatic lobular carcinoma from the breast. 
The authors pointed out that the small number of cases 
studied limited their ability to perform adequate statistical 
analysis. Del Sordo et al. used an immunohistochemical 
panel to discriminate five cases of primary urinary bladder 
signet ring cell carcinoma from secondary origin.4? They 
found that three of their cases showed diffuse staining for 
CK20, but that two cases had a CK7+/CK20— pattern. 
They pointed out that stomach, lung, and breast have 
a similar profile and that this pattern did not support a 
primary bladder neoplasm. Future studies that examine the 
role of IHC in primary signet ring cell carcinoma of the 
bladder are needed. 

Morphologically, clear cell adenocarcinoma of the 
urinary bladder resembles its counterpart in the female 
genital tract? Although the immunohistochemical find- 
ings vary, most tumors are positive for pancytokeratin 
AE1/AE3, CK7, CK20, and CA-125, suggesting miillerian 
origin. CA-125 expression, however, may be seen in 
typical urothelial carcinoma and carcinoma from a variety 
of other sites. Thus, CA-125 positivity does not prove 
miillerian origin. The primary differential diagnostic 
consideration is nephrogenic adenoma (nephrogenic meta- 
plasia). Nephrogenic adenomas are positive for EMA and 
low-molecular-weight cytokeratin CAM5.2 and negative 
for CEA. In contrast, clear cell adenocarcinoma is positive 
for CAM5.2, EMA, and CEA. Positive AMACR (P504S) 
has been reported in both nephrogenic adenoma and clear 
cell adenocarcinoma (Fig. 26-11).°°°! Thus, AMACR 
may not be helpful in making a distinction. Herawi et al. 
compared cases of clear cell adenocarcinoma to nephro- 
genic adenoma and found that Ki67 nuclear expression 
averaged 50% in clear cell adenocarcinoma and only 2% in 
nephrogenic adenoma.” Similarly, p53 nuclear expression 
was higher (20%) in clear cell adenocarcinoma than in 
nephrogenic adenoma (4%). Gilcrease et al. evaluated the 
immunohistochemical features of four cases of clear cell 
adenocarcinoma and 13 cases of nephrogenic adenoma.** 
They found that MIB1 positivity in greater than 30 per 200 
cells, and strong staining for p53 supports the diagnosis 
of clear cell adenocarcinoma over nephrogenic adenoma. 
In difficult cases, the diagnosis of nephrogenic adenoma 
can be supported by its unique positivity for PAX2 and 
PAX8.>4°° 

Secondary tumors may involve the urinary bladder either 
by direct extension from other organs or via angiolym- 
phatic spread from distant lesions (see also Chapter 23).°° 
Bates and Baithun examined 282 cases of tumors secon- 
darily involving the bladder by direct extension and found 
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Figure 26-11 Clear cell adenocarcinoma (A and B) with 
positive immunostaining for a-methylacyl-CoA racemase 
(P5045) (B). 


that prostate, colorectum, and cervix are the most com- 
mon sites of tumors.” Common primary sites for tumors 
metastatic to the bladder are stomach, lung, and breast. Col- 
orectal adenocarcinoma accounts for approximately one- 
third of secondary neoplasms of the bladder. Distinction 
between secondary colorectal adenocarcinoma and primary 
adenocarcinoma of the bladder can be difficult based on 
morphology alone. Immunohistochemical studies are often 
critical in making the distinction. Unfortunately, traditional 
markers such as CK7, CK20, villin, and CDX2 have a sig- 
nificant degree of overlap between primary adenocarcinoma 
of the bladder and secondary tumors. For example, CDX2 is 
positive in 33% to 100% of primary enteric-type adenocar- 
cinoma of the bladder.58 Wang et al. analyzed the immunos- 
taining pattern of 17 primary adenocarcinomas of the blad- 
der and 16 secondary colorectal carcinomas for CK7, CK20, 
and thrombomodulin to determine whether this panel could 
distinguish between the two tumors.*! They found that CK7 
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and thrombomodulin were expressed variably in primary 
adenocarcinomas of the bladder and were negative in all 
secondary colorectal adenocarcinomas. In contrast, CK20 
was frequently expressed in secondary colorectal adeno- 
carcinomas (94%) but was less frequently expressed in 
primary adenocarcinomas of the bladder (53%). They con- 
cluded that using a panel of immunohistochemical staining 
for CK7, CK20, and thrombomodulin could reliably dis- 
tinguish primary bladder adenocarcinoma from secondary 
adenocarcinoma of colorectal origin. 


Neuroendocrine Tumors 


The full spectrum of neuroendocrine tumors can involve 
the urinary bladder (see also Chapter 15).5°-6! Histologi- 
cally, small cell carcinoma of the bladder is similar to its 
counterparts in the lung or gastrointestinal tract,®° and 
shares a common clonal origin with urothelial carcinoma.™ 
CIS, conventional urothelial carcinoma, adenocarcinoma, 
or sarcomatoid carcinoma may coexist with small cell 
carcinoma of the bladder in 12% to 61% of cases.” 
Molecular genetic studies suggest common clonal ori- 
gin of small cell carcinoma and coexisting urothelial 
carcinoma. The immunohistochemical profile of small 
cell carcinoma of the bladder has been studied extensively 
(Table 26-5).477596465 Iczkowski et al. evaluated 46 
small cell carcinomas of the bladder for the expression of 
chromogranin A, CD44 variant 6 (CD44v6), cytokeratin 
CAM5S.2, y-enolase, and synaptophysin (Fig. 26-12).°° 
Small cell and urothelial carcinoma were mixed in 21 
(46%) cases. The two immunohistochemical markers 
with the best ability to discriminate between small cell 
carcinoma and poorly differentiated urothelial carci- 
noma with small cell features were chromogranin A 
and CD44v6. Chromogranin A had 97% specificity for 
small cell carcinoma, staining 65% of cases: only one 
case (5%) of urothelial carcinoma was weakly positive. 
CD44v6 was 80% specific for urothelial carcinoma, with 
immunoreactivity in 60% of cases, compared with 7% of 
small cell carcinoma cases. Thyroid transcription factor 1 
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Figure 26-12 Small cell carcinoma of the bladder (A and B) 
with positive immunostaining for synaptophysin (B). Note the 


muscularis propria invasion. 


(TTF-1) is considered a reliable marker for distinguishing 
adenocarcinoma of the lung from extrapulmonary sites 
and small cell carcinoma of the lung from Merkel cell 
carcinoma. However, Jones et al. found that approximately 
40% of small cell carcinomas of the urinary bladder 
may show TTF-1 positivity (Fig. 26-13). Therefore, 
TTF-1 immunostaining cannot distinguish primary small 


Table 26-5 Immunohistochemical Features in the Differential Diagnosis of Small Round Blue Cell Tumors of the Urinary 


Bladder? 
LCA CD99 MD 
PNET = As = 
SEE = es Be 
Lymphoma FF Variable + = 
Rhabdomyosarcoma — - $ 


NE CD117 TTF-1 CK AE1/AE3 
Variable + + — Variable + 
+ —/+ +/— Variable + 
—/-+- = = zal 


PNET, primitive neuroectodermal tumor; SCC, small cell carcinoma; LCA, leukocyte common antigen; MD, muscle differentiation markers; NE, 
neuroendocrine markers; TTF-1, thyroid transcription factor 1; CK, cytokeratin; +, positive; —, negative. 
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Figure 26-13 Small cell carcinoma of the bladder (A and B) 
with positive immunostaining for TTF-1 (B). TTF-1 staining 
can be seen in small cell carcinoma of various organs, and is 
not specific for lung primary. 


cell carcinoma of the urinary bladder from metastatic 
small cell carcinoma from other sites. TTF-1 positivity 
is also seen in cervical small cell carcinoma and ovarian 
adenocarcinomas.*? 

Carcinoid tumor is morphologically and immunohis- 
tochemically similar to its counterpart in the lung or 
gastrointestinal tract.°7°* These tumors exhibit strong, 
diffuse immunohistochemical staining for cytokeratins, 
neuron-specific enolase (NSE), chromogranin, CD57, and 
synaptophysin.®’ Rarely, TTF-1 staining can be seen in 
carcinoid tumors, but the significance is uncertain.°>- 

Large cell neuroendocrine carcinoma is also morpho- 
logically identical to its counterpart in the lung.®*° These 
tumors may be pure or coexist with other components, 
such as typical urothelial carcinoma, squamous cell carci- 
noma, adenocarcinoma, or sarcomatoid carcinoma.®2 Large 
cell neuroendocrine carcinomas typically show immunore- 
activity for cytokeratins CAM5.2, AE1/AE3, and EMA as 


well as the neuroendocrine markers chromogranin A, CD56, 
NSE, and synaptophysin.©? Given their rarity, metastasis 
from a lung primary should be strongly considered before 
making the diagnosis of primary large cell neuroendocrine 
carcinoma of the urinary bladder. 

Primitive neuroectodermal tumor of the bladder (PNET) 
is an extremely rare, highly aggressive neoplasm belonging 
to the Ewing family of tumors.’'’* Morphologically, it 
is a small round blue cell tumor that is often associated 
with extensive necrosis. The tumor cells show strong 
immunoreactivity for CD99 and CD117 (c-kit), and may 
show focal staining with cytokeratin AE1/AE3 markers and 
S100 protein.”! CD99 is not specific for PNET or Ewing 
sarcoma, but it is almost always present in these tumors. 
The differential diagnosis includes other small round blue 
cell tumors, such as small cell carcinoma, lymphoma, 
and rhabdomyosarcoma (Table 26-5). PNETs occasionally 
stain with chromogranin and synaptophysin, and small 
cell carcinomas are often cytokeratin positive. In this 
setting, ultrastructural or genetic studies may be helpful. 
Lack of staining with lymphoid and muscle markers vir- 
tually excludes hematolymphoid and rhabdomyosarcoma, 
respectively.” 


Spindle Cell Tumors 


Spindle cell lesions may pose a difficult diagnostic 
challenge when encountered in clinical practice because 
the differential diagnoses are broad and there is consid- 
erable morphologic and immunologic overlap (see also 
Chapters 16, 19, and 22).”4-7” Sarcomatoid carcinoma is 
typically a biphasic tumor exhibiting morphologic and/or 
immunologic evidence of epithelial and mesenchymal 
differentiation. 4787? Sarcomatoid carcinoma frequently 
contains a conventional urothelial carcinoma compo- 
nent that is pancytokeratin and uroplakin III positive 
(Table 26-6). Rare cases may be associated with small cell 
carcinoma, as confirmed by chromogranin and/or synapto- 
physin positivity. The mesenchymal component is usually 
an undifferentiated high grade spindle cell neoplasm, 
which is vimentin positive. Osteosarcoma is the most 
common heterologous element, followed by chondrosar- 
coma, rhabdomyosarcoma, leiomyosarcoma, liposarcoma, 
or angiosarcoma. The spindle cell components react with 
vimentin and/or specific markers corresponding to the type 
of mesenchymal differentiation. Some cases of sarcomatoid 
carcinoma may be composed almost exclusively of spindle 
cells, raising the differential diagnosis of leiomyosarcoma. 
However, in view of the rarity of primary bladder sarcoma, 
any malignant spindle cell tumor in the urinary bladder in 
an adult is considered sarcomatoid carcinoma until proven 
otherwise (Fig. 26-14).4 Apart from clinicopathological 


Diagnostic Immunohistochemistry 


Table 26-6 Immunohistochemistry of Selected Spindle Cell Lesions of the Bladder? 


CK p63 SMA/MSA/desmin EMA Vimentin ALK-1 p53 
Postoperative spindle cell —/+ -= +/— = de = fet 
nodule 
Inflammatory myofibroblastic =f = aH — mi db = 
tumor 
Malakoplakia and caruncle = - — = ae = = 
Sarcomatoid carcinoma = + +/— di dt = 1wa 
Leiomyosarcoma = = + = d = suff 
Rhabdomyosarcoma — — d = as = — fin 


°CK, cytokeratin; SMA, smooth muscle actin; MSA, muscle-specific actin; EMA, epithelial membrane antigen; ALK-1, anaplastic lymphoma kinase 1. 


B) with positive immunostaining for cytokeratin AE1/AE3 (B). 


characteristics, pure sarcomas usually do not exhibit epithe- 
lial markers on IHC, or desmosomes and tonofilaments on 
electron microscopy. Vimentin positivity, which is char- 
acteristic of sarcomas, is almost uniform in sarcomatoid 
carcinoma and is not useful for distinguishing the two 
entities.®° 


Westfall et al. studied the utility of a comprehensive 
immunohistochemical panel consisting of AEI/AE3, 
HMWCK 346E12, CK5/6, p63, SMA, and anaplastic lym- 
phoma kinase (ALK-1) in the differential diagnosis of 45 
(10 inflammatory myofibroblastic tumor, 22 sarcomatoid 
urothelial carcinomas, and 13 leiomyosarcomas) spindle 
cell lesions of the urinary bladder.’! CK5/6 immunostain- 
ing showed relative specificity with positivity in 27% of 
sarcomatoid carcinomas; no immunoreactivity was found 
in either the inflammatory myofibroblastic tumors (IMTs) 
or leiomyosarcomas. Although the sensitivity with CK5/6 
is relatively low, it is helpful in distinguishing sarcomatoid 
carcinoma from IMTs and leiomyosarcoma. A previous 
study by Kaufmann et al. showed a similar rate of CK5/6 
staining in sarcomatoid carcinoma.8? HMWCK 34fE12 
showed similar results and therefore appears to be a good 
alternative for CK5/6.8! Substantial smooth muscle actin 
(SMA) immunostaining was demonstrated in IMTs (100%), 
sarcomatoid carcinoma (73%), and leiomyosarcoma (85%), 
suggesting that this marker is not particularly helpful 
in the differential diagnosis. The authors also observed 
positivity with pancytokeratin marker AE1/AE3 in IMTs 
and sarcomatoid carcinomas (78% and 70%, respectively). 
Only 20% ALK-1 expression was demonstrated in IMTs, 
which is generally lower than previous studies that report 
ranges between 8% and 89% ALK-1 positivity in IMTs 
(Fig. 26-15).’>°3-85 ALK-1 reactivity was not observed 
in either the sarcomatoid carcinomas or leiomyosarcomas. 
p63 was positive in 70% of sarcomatoid carcinomas, 
whereas all IMTs were negative for p63. When positive, 
p63 immunostaining supports the diagnosis of sarcomatoid 
carcinoma over IMT. Taken together, diffuse immunoreac- 
tivity with p63 may be discriminatory between sarcomatoid 
carcinoma and IMTs or leiomyosarcoma. A combination 
of pancytokeratin, SMA, and ALK-1! positivity favors 
IMT; expression of HMWCK 348E12 and CK5/6 with 
p63 favors sarcomatoid carcinoma. SMA positivity with 
overall absence of other markers favors leiomyosarcoma 
(Table 26-6). 


Figure 26-15 Inflammatory myofibroblastic tumor of the 
bladder (A and B) with positive immunostaining for ALK-1 (B). 


Postoperative spindle cell nodule (PSCN) may be 
seen months after surgical instrumentation. Immunohisto- 
chemically, PSCNs show positive staining for AE1/AE3, 
CAMS.2, and vimentin in some cases, similar to the 
findings in IMTs (Table 26-6). However, some cases show 
immunoreactivity only for vimentin. The differential 
diagnoses of PSCN include sarcomatoid carcinoma, myx- 
oid leiomyosarcoma, rhabdomyosarcoma, and malignant 
fibrous histiocytoma. p53 immunostaining may be helpful 
in distinguishing these lesions, being noted only rarely 
in PSCN but stronger and more diffuse in malignant 
mesenchymal neoplasms. 

Leiomyosarcoma is a primary differential considera- 
tion, particularly in perivascular epithelioid cell tumors 
(PEComas) with significant spindle cell morphology. 
Immunohistochemically, both tumors are likely to be 
positive for SMA. Leiomyosarcomas in the gynecologic 
tract may show aberrant immunoreactivity to HMB45; 
however, leiomyosarcomas do not express other markers 
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of melanocytic differentiation. In contrast, PEComas 
express myogenic and melanocytic markers, including 
HMB45 (Fig. 26-16), Melan A/Martl, microphthalmia 
transcription factor (Mitf), SMA, and rarely, desmin (see 
also Chapter 22). Other spindle cell neoplasms, such as 
sarcomatoid carcinoma or IMT of the urinary bladder, 
can usually be distinguished based on morphology and 
immunohistochemical profile. 


Metastatic Urothelial Carcinoma 


When urothelial carcinoma presents at other sites, recog- 
nition of urothelial origin may be difficult, particularly 
since squamous and glandular differentiation are common 
in high grade urothelial carcinoma. Uroplakin III is a 
highly specific marker for urothelial origin,!>°8’ but 
its sensitivity is limited in our experience. Differential 
cytokeratin expression may be of value in the confirmation 
of metastatic urothelial carcinoma.'!88-°9 Expression of 
the combination of thrombomodulin, HMWCK 346E12, 
and CK20 is strongly suggestive of urothelial origin in the 
setting of metastatic carcinoma of unknown primary, while 
the expression of two of these three is still suggestive, 
albeit more weakly (Table 26-1).° 

Ovarian Brenner tumors, which histologically resemble 
urothelial neoplasms, may stain with uroplakin II and, 
therefore, may be included as a possible alternative primary 
site for uroplakin I+ metastatic carcinomas in female 
patients.>*°’ Some immunophenotypic differences between 
Brenner tumors and urothelial carcinomas of the bladder 
do exist. Urothelial carcinomas are frequently positive 
for thrombomodulin and CK20, while Brenner tumors 
typically do not stain with these antibodies.?! Ovarian 
transitional cell carcinomas rarely (6%) express uroplakin 
Ill and typically have a uroplakin HWI—/CK20—/WT1+ 
phenotype in contrast to the uroplakin II+ phenotype 
observed in 82% of Brenner tumors.8’ In fact, the dif- 
ferences in staining with uroplakin II and other markers 
suggest that Brenner tumors are the only true urothelial 
neoplasms of the ovary, with ovarian transitional cell 
carcinomas representing a pattern of poorly differentiated 
adenocarcinoma.” 


Other Applications 


Bladder cancer has diverse morphologic manifestations 
and histologic variants (Figs. 26-17 to 26-19); see also 
Chapters 12 to 24). IHC is essential in modern the practice 
of urologic surgical pathology.?>4 
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Figure 26-18 Lymphoepithelioma-like carcinoma of the bladder (A and B) with positive immunostaining for cytokeratin AE1/AE3 


(B). Discrete or irregular islands of malignant urothelial cells punctuate sheets of lymphocytes, mimicking MALT lymphoma. The 
epithelial component displays intense immunoreactivity for broad-spectrum cytokeratin AE1/AE3. 
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Figure 26-19 (Continued on next page) Lymphoepithelioma-like carcinoma (LELC) of the bladder (A to F). (A) A case of urinary 
tract LELC, showing diffusely scattered single tumor cells and small clusters, admixed with a brisk mixed inflammatory cell 
component. (B) High magnification, showing syncytially arranged tumor cells intimately admixed with lymphocytes and 
eosinophils. (C) Immunohistochemistry (IHC) for high molecular weight cytokeratin 348E12, highlighting the epithelial 
component. (D) UroVysion fluorescence in situ hybridization (FISH) analysis of LELC. Chromosomal alterations detected using 
interphase FISH. UroVysion probe set contains CEP3 (red), CEP7 (green), CEP17 (aqua), and 9p21 (gold). The representative LELC 
tumor cell (red arrow) exhibits gains of chromosome 3 (three signals), 7 (three signals), 17 (four signals), and 9p21 (three signals). 
In contrast, the lymphocyte (green arrow) shows normal copy numbers of each chromosome (two signals with each probe). (E and 
F) Another case, showing somewhat larger aggregates of epithelial cells with vesicular nuclei and prominent nucleloli. (G) IHC for 
CK7, highlighting the epithelial component. (H) IHC for p53, showing intense nuclear staining in the majority of the tumor cells. 
(From Ref. 93; with permission.) 
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Figure 26-19 (Continued) 
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Pathology of the Urachus 


Overview 


Embryologically, the urachus is a canal connecting the apex 
of the bladder to the umbilicus, which serves to remove 
waste from the fetal urinary bladder.'~> It may be either dis- 
tinct from or interconnected with the umbilical arteries, and 
typically becomes obsolete over time. A variety of lesions 
may be seen in the urachus.*~!* Anomalies of the urachus 
mainly include patent urachus, persistent urachal remnants, 
and urachal cysts. These are reported to occur in the dome 
(54%), posterior wall (44%), and anterior wall midline (2%) 
of the bladder.®:'* Also, bacterial infections may occur in 
the presence of a malformation or cyst of the urachal rem- 
nants. Benign neoplasms of the urachus include adenomas 
and soft tissue tumors. Malignant tumors of the urachus 


a Bladder lumen 


are uncommon with adenocarcinoma as the most common 
form. Squamous cell carcinoma and urothelial carcinoma 
may also occur. A number of urachal sarcomas have been 
described. The main clinicopathologic features of these 
uncommon lesions are described below. 


Congenital Anomalies 


Patent Urachus 


Patent urachus usually presents at birth, and may be com- 
plete or incomplete (Fig. 27-1). In its complete form, patent 
urachus results in urine flow from the umbilical stump or 
umbilicus due to patency of the lumen from the bladder to 
the umbilicus at birth.!> It occurs at any age and is twice as 


Figure 27-1 Urachal openings into the bladder (A to D). (A) Patent urachus with mucosal papilla. (B) Patent urachus with 
wide opening. (C) Imperforate urachus with mucosal covering. (D) Imperforate urachus with mucosal depression. 
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likely in males than in females. The umbilicus is often 
swollen and inflamed. Most patients have no other 
developmental anomaly, but some may have congenital 
deficiency of the abdominal musculature as part of prune 
belly syndrome. 

There are multiple incomplete forms of patent urachus 
in which the lumen is closed at least focally, resulting 
in umbilicourachal sinus, vesicourachal sinus, or bladder 
diverticulum. In the blind variant, the urachus is closed 
at both ends but remains patent in the middle segment. 
Rarely, calculi form in the resulting cavities or urachal mal- 
formations. In patients with vesicourachal sinus, the stone 
is chemically similar to usual vesical calculi. The surgical 
pathologist rarely encounters biopsy or tissue specimens of 
patent urachus. 


Urachal Remnant 


Urachal remnant is the residual tissue from the embry- 
onic allantoic stalk connecting the umbilicus and bladder 
(Figs. 27-2 and 27-3).!-3 Urachal remnant may typically 
present during late childhood or adulthood and may per- 
sist in up to 33% of adults.24>8-!!.1316 Urachal remnants 
are typically asymptomatic, although symptomatic cases 
may be seen in young children. The most common prob- 
lems with urachal remnants are infection and cyst forma- 
tion. Patients present with abdominal pain and symptoms 
of urinary tract infection; the latter symptoms are particu- 
larly common when there is communication of the urachal 
remnant with the bladder or umbilicus. Severe cases may 
present with rupture of an infected urachal cyst in the peri- 
toneal cavity with resulting peritonitis.!* The most common 
organism cultured in urachal cyst fluid is Staphylococcus 
aureus. A recent study suggests that urachal remnant is a 
risk factor for urachal cancer, and urachal lesions in pedi- 
actric patients should be excised to prevent problems in 
adulthood. !3 


Figure 27-2 Urachal remnant. 


Figure 27-3 Urachal remnant. 


On the mucosal surface of the bladder, the urachal rem- 
nant may have a flush luminal opening or a small papilla; 
however, in most cases an opening is absent. Histologically, 
the urachal remnant is most commonly lined by urothelial 
cells, although columnar mucus-secreting cells may some- 
times be seen. Polypoid hamartoma of the urachal remnant 
was reported in a 45-year-old woman.!” 

Indication for surgical excision of asymptomatic cases 
is somewhat unclear. Copp et al. investigated this issue, 
hypothesizing that, in particular, those remnants without 
an epithelial lining are unlikely to develop carcinoma 
and may not warrant surgical treatment. In the study, 
urachal remnants lined by urothelium were most common 
(38%), followed by those without an intact lining, termed 
“fibrostromal” (31%). Other types of urachal tract lining 
included gastrointestinal, squamous, metaplastic, and 
mixed (urothelial and gastrointestinal, or urothelial with 
squamous metaplasia). Carcinoma is the most common 
type of malignancy arising from the urachal remnant. The 
authors hypothesized that incidentally identified urachal 
remnants would be less likely to demonstrate a true 
epithelial lining, and thus less likely to require excision. 
However, they found no association between incidental 
presentation and absence of epithelial lining, leaving the 
decision to excise these lesions somewhat unclear.’ 

In the differential diagnosis of glandular bladder 
lesions, urachal remnants may be occasionally histologi- 
cally identified in bladder carcinoma resection specimens. 
Thus, knowledge of the anatomic location and histologic 
appearance of these specimens may be helpful in avoiding 
the false impression of glandular differentiation of bladder 
neoplasms or confusion with endocervicosis, which typi- 
cally causes a symptomatic mass lesion. More frequently, 
however, the epithelial lining of urachal remnants is 
urothelial, or less frequently squamous. Carcinoma of the 
urachus is discussed below with malignant lesions. 
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Figure 27-4 Urachal cyst (A and B). (A) This intramural 
segment of urachus with mild cystic dilatation was an 
incidental finding at autopsy. (B) A symptomatic urachal cyst 
with marked dilatation. 


Urachal Cysts 


Urachal cyst may occur at any level of the urachus and 
may be small and incidental or large and compressive 
(Figs. 27-4 to 27-8). The cyst may be intramural and 
unilocular or multilocular. Smaller cysts are commonly 
lined by urothelium or cuboidal cells, but columnar 
epithelium may also be seen.!? Larger cysts usually are 
lined by flattened atrophic epithelium. When infected, 
the cyst lining may be lost, and the wall replaced by 
granulation tissue and scar. Large urachal diverticula such 
as those in prune belly syndrome may require resection 
due to urethral obstruction. The urachus and its remnants 
may also be involved with tuberculosis, echinococcus, and 
actinomycosis. 


Infectious Conditions 


Bacterial infections of the urachus usually occur in the 
presence of a malformation or cyst. Purulent bacteria infec- 
tions related to umbilicourachal sinus, vesicourachal sinus, 
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Figure 27-5 Urachal cyst. 
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Figure 27-7 Urachal cyst. This large cyst in the dome of the 
bladder was lined by keratinizing squamous epithelium. 
Clinically, it was thought to be urachal in origin. 


Figure 27-8 Urachal cyst. 


blind urachus, or urachal cyst have been reported. These 
infections often develop into abscesses and may drain spon- 
taneously through the umbilicus or into the bladder. Rupture 
through the peritoneum is a serious complication. In some 
cases, it may be difficult to determine the exact nature of the 
associated urachal anomaly. More rarely, tuberculous, acti- 
nomycotic, echinococcal, and tineal infections have been 
reported to involve the urachus.!®!° Xanthogranulomatous 
inflammation has been reported. 


Benign Neoplasms of the Urachus 


Adenoma and Villous Adenoma 


Benign epithelial neoplasms of the urachus are rare; most of 
them are adenomas.>!>°-33 These lesions are found most 
often in the lower third of the urachus. The average reported 
size ranges from less than 1 cm to 8 cm. Mucinuria is a 
common finding in these patients. 

Macroscopically, these neoplasms present as mucin- 
filled cavitary or cystic lesions and may be multilocular. 
Microscopically, the epithelium consists of tall columnar 
cells and goblet cells, often with a striking resemblance to 
colonic glandular epithelium. Accordingly, these tumors 
are often referred to as villous, tubulovillous, or tubu- 
lar adenoma. The epithelium may be papillary or flat, 
sometimes admixed with urothelium. 

Villous adenoma of the urachus is an uncommon benign 
glandular epithelial neoplasm with exophytic growth that 
may be seen associated with urachal adenocarcinoma and 
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Figure 27-9 Villous adenoma of the urachus (A and B). 
(A) The bladder dome is partially replaced by this villiform 
growth, which on high magnification (B) displays typical 
features of villous adenoma with low grade dysplasia. 
Resection revealed extension into the urachal canal. 


may be seen elsewhere in the bladder.” Histologically 
it is identical to villous adenoma of the colon, showing 
columnar mucinous cells and goblet cells lining delicate 
fibrovascular stalks with nuclear stratification, crowding, 
and hyperchromasia (Figs. 27-9 to 27-11). Villous adeno- 
mas are positive for cytokeratin (CK)20 (100% of cases), 
CK7 (56%), carcinoembryonic antigen (89%), epithelial 
membrane antigen (22%), and acid mucin with Alcian blue 
periodic acid—Schiff (78%).” 

The differential diagnosis includes urachal remnant, 
urachal cyst, adenocarcinoma, and papillary urothelial 
carcinoma with villous-like morphology. Villous adenoma 
is a benign glandular neoplasm of the urinary bladder 
that histologically mimics its enteric counterpart. Invasion 
may be difficult to evaluate in superficial specimens, and 
repeat biopsy or transurethral resection may be of value. 
In some cases, cuboidal epithelium and urothelium have 
also been found, and distinction between a multilocular 
urachal cyst and adenoma may be difficult when the lesion 
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Figure 27-11 Villous adenoma of the urachus. 


is not complex and the epithelium is simple and without 
evidence of proliferative activity. 


Benign Soft Tissue Tumors 


These tumors occur rarely in the urachus and most fre- 
quently represent fibromas, leiomyomas, or fibromyomas, 
with a patient age range of 45 years to 80 years and 
with higher frequency in women. Some cases reported as 
fibroadenomas of the urachus have also been described**; 
so has a single case of mature teratoma.*° 


Malignant Neoplasms 


Malignancy of the urachus is rare and carries a poor 
prognosis.'©3¢-40 The incidence of urachal carcinoma 


varies from 0.07% to 0.7% of bladder carcinomas in North 
America and Europe, but as high as 1.2% in Japan.*! 
One case was reported out of the 5 million people in 
the Swedish Cancer Registry, and two cases of urachal 
carcinoma were reported in a survey of 17,688 patients 
hospitalized in Massachusetts.*7 

Since the great majority of urachal malignancies involve 
the urinary bladder, the most difficult problems of classifi- 
cation for the practicing pathologist are those involved in 
distinguishing neoplasms of the urachus from neoplasms 
of the urinary bladder proper. It is particularly problematic 
when the dome is involved. Wheeler and Hill proposed cri- 
teria for separating adenocarcinoma of the urinary bladder 
and urachus“*; these criteria were later modified by Mostofi 
and his colleagues (Table 27-1). 

Although these criteria are helpful in many cases, 
advanced cancers cannot always be reliably distinguishable 
as vesical or urachal in origin. Unless the evidence of 
urachal origin is strong, they are generally assumed to be 
of bladder nonurachal origin. Similar criteria are applied 
for sarcoma arising in the dome of the bladder.*® 

The staging of urachal carcinoma is similar regardless 
of histologic subtype (Table 27-2).*7 


Table 27-1 Diagnostic Criteria for Urachal Origin 
of Adenocarcinoma 


Cancer located in the dome or anterior wall of the bladder 

Absence of cystitis cystica or cystitis glandularis in the 
region of the dome 

Predominant involvement of the muscularis propria by 
cancer rather than the lamina propria (submucosa); the 
vesical mucosal surface may be intact or ulcerated 

Urachal remnant connected with cancer 

Presence of a suprapubic mass 

Cancer infiltrating through the bladder wall, with 
contiguous spread through the space of Retzius in the 
anterior abdominal wall 

Sharp demarcation between the cancer and the overlying 
urothelium of the bladder dome 

Is demonstrated not to be secondary carcinoma 


Table 27-2 Staging of Urachal Tumors 


Stage | Carcinoma confined to the urachal mucosa 
Stage II Invasion confined to the urachus 
Stage III Local extension 
IA Extension into the urinary bladder 
IIB Extension into the abdominal wall 
IIC Extension into the peritoneum 
IID Extension into other viscera 
Stage IV Metastasis 
IVA Metastasis to regional lymph nodes 
IVB Metastasis to distant sites 
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Urachal Adenocarcinoma 


Urachal adenocarcinoma is far less common than non- 
urachal adenocarcinoma of the bladder, but it is the most 
common cancer of the urachus, accounting for 85% to 
90% of cases.!©37-4147-5! More than 70% arise in patients 
between 20 years and 84 years, with a male-to-female ratio 
of 2:1. Urachal adenocarcinoma has a poorer survival rate 
than adenocarcinoma of the bladder. Most cases of urachal 
adenocarcinoma occur in the fifth and sixth decades of 
life, which is about 10 years younger than patients with 
adenocarcinoma arising in the bladder proper. 

Hematuria is the most common symptom (71%), 
followed by pain (42%), irritative symptoms (40%), and 
umbilical discharge (2%). The patient may present with a 
suprapubic mass. Mucinuria occurs in about 25% of the 
cases reported. At cystoscopy, the tumor protrudes from 
the dome or anterior surface of the bladder as a polypoid 
or papillary mass, sometimes creating a gelatinous or 
bloody discharge from the urachal orifice. Transurethral 
biopsy is often helpful in establishing the diagnosis. 

Radiographically, adenocarcinoma creates a filling 
defect in the dome of the bladder. Early in the disease 
process, the tumor size may be small; although, in some 
cases, urachal carcinoma may form a substantial mass, 
invading the retropubic space of Retzius or extending to the 
anterior abdominal wall. Notably, calcification identified 
by radiographic imaging studies may be an initial clinical 
presentation, as mucinous areas often develop calcification 
over time.“ Stippled calcifications are strongly suggestive 
of neoplasm of urachal origin.*? 

Urachal adenocarcinoma usually involves the muscular 
wall of the bladder dome, and it may or may not destroy 
the overlying mucosa (Figs. 27-12 and 27-13). The mass 
may be discrete, but it may follow the route of the urachal 
remnants, forming a relatively large mass that invades the 
Retzius space and reaches the anterior abdominal wall. 


Figure 27-12 Urachal adenocarcinoma. Gross appearance 
of the exophytic mass. 


Figure 27-13 Urachal adenocarcinoma, gross appearance. 


Figure 27-14 Urachal adenocarcinoma. 


Mucinous lesions tend to calcify, and these calcifications 
may be detected on plain x-ray films of the abdomen. 
The mucosa of the urinary bladder is not destroyed in 
early stages of the disease, but it eventually becomes 
ulcerated as the tumor reaches the bladder cavity. The 
cut surface of this tumor exhibits a glistening light tan 
appearance, reflecting its mucinous contents. Although 
urachal adenocarcinoma has been staged as a bladder 
carcinoma using the tumor, lymph nodes, and metastases 
(TNM) staging system, a specific staging system for this 
neoplasm was proposed by Sheldon et al. (Table 27-2), 
a system that seems to correlate well with prognosis in 
urachal adenocarcinoma.*’ 

Microscopically, urachal adenocarcinoma has a varied 
appearance (Figs. 27-14 to 27-18). Urachal adenocar- 
cinomas are subdivided into mucinous, enteric, not 
otherwise specified, signet ring cell, and mixed types; 
these subtypes are similar to variants of adenocarcinoma 
of the urinary bladder proper (see also Chapter 13). 
Most are mucinous.** Nonmucinous types often resemble 
conventional adenocarcinoma of the colon, but other 
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Figure 27-16 Urachal adenocarcinoma. 


types include colloid mucinous carcinoma (Figs. 27-19 to 
27-21), signet ring cell carcinoma, and high grade poorly 
differentiated adenocarcinoma. Osseous metaplasia of the 
stroma may be present.4°? In one study with 24 cases of 
urachal carcinoma, 12 (50%) tumors were mucinous, seven 
(29%) were enteric, four (17%) were mixed, and one (4%) 
was a signet ring cell carcinoma." Mucinous carcinomas 
are characterized by pools or lakes of extracellular mucin 
with single cells or nests of columnar or signet ring 
cells floating in them; rarely, it may be the cause of 
a pseudomyxoma peritonei.*° The enteric type closely 
resembles a colonic type of adenocarcinoma and may be 
difficult to differentiate from it.” 

Pure signet ring cell carcinoma rarely occurs in the 
urachus; most commonly, signet ring cell differentiation 
is present within a mucinous carcinoma. Signet ring cell 
adenocarcinoma of the urachus is considered by many 
authors as a separate histopathologic subtype of adeno- 
carcinoma because of its distinctive invasiveness.°’~° 
Most cases are mixed with typical adenocarcinoma, and 
the signet ring cells may be present within glands or in 
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Figure 27-19 Urachal adenocarcinoma, colloid (mucinous) 
type. 


mucus lakes of typical colloid carcinoma. The diffusely 
infiltrative pattern resembles linitis plastica.*° Pure signet 
ring cell pattern accounts for less than 10% of cases 
of urachal adenocarcinoma. Inclusion criteria for signet 
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Figure 27-20 Urachal adenocarcinoma, colloid (mucinous) 
type (A and B) . There is marked cystic dilation with luminal 
mucin (A). The lining of the cyst is lost. 
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Figure 27-21 Urachal adenocarcinoma, colloid (mucinous) 
type. 


ring cell carcinoma of the urachus are similar to those for 
the bladder, including at least a focal component of dif- 
fuse linitis plastica-like growth and absence of urothelial 
carcinoma.°? The male-to-female ratio (3:1) is similar to 


that of typical urachal adenocarcinoma, and mean patient 
age varies from 48 years to 54 years.°4°? Local recur- 
rence is frequent and usually precedes metastases. Sites of 
recurrence include the pelvis and urinary bladder, surgi- 
cal wound, and abdominal wall. The most common sites 
for metastases in descending order are lymph nodes, lung, 
peritoneum, omentum, mesentery, liver, bone, and small 
intestine. 

The normal urachus also contains argyrophilic cells.°! 
Urachal adenocarcinoma is presumably derived from 
urachal remnant and may display neuroendocrine differ- 
entiation. These cells express neuroendocrine markers 
such as chromogranin A and synaptophysin. The sig- 
nificance of these neuroendocrine cells in  urachal 
adenocarcinoma remains uncertain. Two cases of urachal 
adenocarcinoma admixed with large cell neuroendocrine 
carcinoma have been described. One additional case 
of adenocarcinoma admixed with small cell neuroen- 
docrine carcinoma of the urachus has been reported. 
In addition, two cases of adenocarcinoma with focal 
components of lymphoepithelioma-like carcinoma have 
also been reported.®? One case consisted of a com- 
posite of colonic-type adenocarcinoma and large cell 
neuroendocrine —carcinoma.®* IĮImmunohistochemical 
studies reveal expression of chromogranin, serotonin, 
somatostatin, neuron-specific enolase, and carcinoem- 
bryonic antigen in cases with neuroendocrine different- 
iation.>°. 

At immunohistochemistry, the cells of urachal ade- 
nocarcinoma stain for carcinoembryonic antigen and 
CD15. A recent report found these tumors positive for 
CK20, and variable positivity for CK7 and high molecular 
weight cytokeratin 348E12. The majority showed a 
cytoplasmic membranous staining pattern for 6-catenin, 
although in one case, focal nuclear immunoreactivity 
was identified.” Urachal adenocarcinoma and bladder 
adenocarcinoma display immunoreactivity for a colonic 
epithelial protein recognized by monoclonal antibody 
7E12H12, unlike urothelial carcinoma.® Paner and his 
colleagues found the expression levels of p63, CK7, 
CK20, CDX2, nuclear f-catenin, claudin-18, and Reg 
IV were 3%, 50%, 100%, 85%, 6%, 53%, and 85%, 
respectively. Nuclear f-catenin staining, typically seen 
in colonic adenocarcinoma, is rarely seen in urachal 
adenocarcinoma. 

Bladder adenocarcinoma may be difficult to rule out 
because it has the same histologic and immunohisto- 
chemical features as urachal adenocarcinoma. However, 
distinction between bladder adenocarcinoma and urachal 
adenocarcinoma is critical since treatment may differ. The 
original diagnostic criteria for urachal adenocarcinoma 
included a site in the bladder dome, the absence of cystitis 
cystica/glandularis, the invasion of muscle with intact or 
ulcerated overlying epithelium, the presence of urachal 
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remnant, a suprapubic mass, a sharp demarcation between 
the tumor and surface epithelium, and growth in the blad- 
der wall extending into the space of Retzius.*4 However, 
as urachal remnants may occur outside the bladder dome 
and tumor may develop to such an extent that benign 
urachal remnants are no longer identifiable, Johnson and 
colleagues in 1985 proposed that less restrictive criteria 
might reasonably be used, limited to three: (1) tumor in the 
bladder dome, (2) sharp demarcation between the tumor 
and surface epithelium, and (3) exclusion of secondary 
involvement of the bladder by tumor of another organ.°? 
Cases with adjacent or distant cystitis cystica and cystitis 
glandularis may then be included by these criteria, given 
that a transition from dysplasia to malignancy is absent.°? 
When dysplastic changes of the mucosa or dysplastic 
intestinal metaplasia are present, this tends to exclude an 
urachal origin.°® Immunohistochemistry may be helpful 
in the differential diagnosis. Nonurachal bladder adeno- 
carcinoma shows positive expression of carcinoembryonic 
antigen in 29% to 67% of cases and LeuM1 (CD15) in 
73% of cases. Urachal adenocarcinoma, in contrast, stains 
consistently with both markers.©~ 7” 

An interesting and suggestive feature of urachal carci- 
noma is its involvement of the muscular wall of the blad- 
der dome, sometimes without disruption of the overlying 
mucosa. This finding, however, may be mimicked by both 
primary and secondary adenocarcinoma, depending on the 
plane of histologic sectioning and therefore is not entirely 
specific. Preservation of an intact urothelium overlying the 
tumor is most often present in early stages of the disease, 
with the mucosa becoming ulcerated as the tumor impinges 
on the bladder lumen. 

Differential diagnostic considerations also include 
metastases or contiguous spread from colorectal adeno- 
carcinoma; this is usually easily distinguished clinically 
(see also Chapters 13 and 23).^45173 Unlike colonic 
adenocarcinoma, urachal and urinary bladder cancers do 
not produce sulfated acid mucopolysaccharides.’* Unusual 
metastases from urachal adenocarcinoma include involve- 
ment of the orbit and the ovary.’>-’° Malignant lymphoma 
may also rarely simulate signet ring cell carcinoma of the 
urachus. 77 

Management of urachal adenocarcinoma may include 
consideration of partial cystectomy, with resection of the 
umbilicus, including the entire urachal remnant, !®37-39.50 
Recurrences are common, especially in partial cystectomy- 
treated cases. The five-year survival rate has been reported 
to range from 25% to 61%, and signet ring cell ade- 
nocarcinoma seems to be the most aggressive form; in 
fact, some authors include in this group adenocarcinoma 
with a minor component of signet ring cells as well as 
those composed purely of signet ring cells. Diffusely 


576 


infiltrative patterns resembling linitis plastica have been 
observed. 


Urothelial Carcinoma 


Urothelial carcinoma of the urachus comprises less than 
5% of reported cases of urachal cancer.!®37~4 These have 
occurred most frequently in men over the age of 40, with 
typical symptoms of hematuria and pain. Microscopically, 
they resemble urothelial carcinomas occurring elsewhere 
in the bladder. Urachal carcinoma may also contain mixed 
differentiation, including one case with adenocarcinoma, 
squamous cell carcinoma, and urothelial carcinoma.” A 
metachronous urothelial carcinoma of the bladder and 
urachus has been reported.’® 

Partial or radical cystectomy, including the resection of 
the umbilicus, is the treatment of choice. 


Squamous Cell Carcinoma 


Squamous cell carcinoma accounts for about 4% of can- 
cers arising in the urachus.’?~*+ The mean patient age is 
50 years (range, 27 to 77 years). They are more frequent in 
men than in women and seem to be aggressive neoplasms. 
The cancer may be supravesical or intramural, and is typi- 
cally squamous cell carcinoma, similar to that in the urinary 
bladder. 

Partial cystectomy may be performed but may carry an 
increased risk of recurrence. 


Sarcoma Arising in the Urachus 


Sarcomas of the urachus make up less 10% of urachal 
cancers and occur in a much younger population than 
carcinomas (mean, 22 years of age).4’*°8° Sarcomas 
occur nearly equally in males and females. Com- 
mon symptoms include pain, umbilical discharge, or 
irritative bladder symptoms, but hematuria has not 
been reported. Most reported cases are fibrosarcoma, 
rhabdomyosarcoma, leiomyosarcoma, hemangiopericy- 
toma, spindle cell sarcoma, or sarcoma not otherwise 
specified. 


Other Malignant Tumors Arising in the Urachus 


Extragonadal germ cell tumors, primarily of the urachus, 
are an extremely rare finding.8’-8? A primary yolk sac 
tumor of the urachus in an adult has recently been 
described in a 44-year-old woman, who presented with 
six months of pelvic pain associated with a sensation 
of progressive mass growth. At the time of tumor 
resection, the tumor was attached by a pedicle to the 


Pathology of the Urachus 


dome of the bladder, with no injury to the adjacent organs. 
Microscopic examination revealed a neoplasm with epithe- 
lioid cells, pseudocysts, a myxomatous background, and 
Schiller—Duval body formations. Immunohistochemistry 
stains showed positivity to AE1/AE3, a-fetoprotein, and 


q,-antitrypsin. 


Differentiation from primary urachal adenocarcinoma 
may sometimes be challenging, especially as positivity for 
a-fetoprotein has been identified in urachal adenocarci- 
noma. A key distinguishing feature is the typical patient 
age, which is young (<2 years) for yolk sac tumor and 
older than 50 years for urachal adenocarcinoma. 
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The clinical, macroscopic, and microscopic features, as well 
as the differential diagnosis of the most common lesions 
and tumors seen in a routine surgical pathology practice 
of the renal pelvis, ureter, and the urethra, are reviewed 
in this chapter. Most of these lesions are similar to those 
of the bladder. The current classification of tumors and the 
appropriated tumor, node, and metastases (TNM) staging 
system according to the 2010 revision are also included.! 
Applicable ancillary testing modalities, including immuno- 
histochemistry and other molecular findings, are discussed. 


Congenital Anomalies 


Renal Pelvis and Ureter 


A number of congenital anomalies occur in the renal pelvis 
and/or the ureter.” Duplication, ectopia, ureteral agenesis, 
ureterocele, and obstructive lesions are the most common 
ureteral malformations (Fig. 28-1). More than one abnor- 
mality may be present, resulting in a complex anomaly. 


Figure 28-1 Duplex ureter (A and B). 


The double ureter (ureteral duplication) is the most com- 
mon anomaly, seen in approximately 0.8% of autopsies. It 
is frequently associated with a double renal pelvis. Ureteral 
duplication is most likely to be partial and unilateral. 

Ureteral ectopia with or without duplication is a common 
cause of vesicoureteral reflux. The ectopic insertion may 
be located in the rectum, vagina, urethra, or abnormally 
situated in the bladder. Ureteral agenesis virtually always 
accompanies renal agenesis. 

Megaureter (primary or secondary to reflux) can also be 
seen and it is characterized by the near-absence of the lon- 
gitudinal muscle fibers, preponderance of circular muscle, 
or fibrosis of muscle and adventitia (Figs. 28-2 to 28-3). In 
cases of renal dysplasia, the ureter is usually dysplastic. 

Ureterocele (congenital dilatation of intramural portion 
of the ureter) is a marked dilatation of the intravesical 


Figure 28-2 Megaureter. 


Figure 28-3 Megaureter. 
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portion of the distal ureter at its orifice. Ureterocele may 
be seen in some cases, resulting in obstruction or reflux. 

Ureteral obstruction may involve any portion of the uri- 
nary tract, but it is most frequent at the ureteropelvic junc- 
tion. Childhood ureteropelvic junction obstruction is the 
most important cause of intrinsic urinary blockage. Ureteral 
diverticulum and inflammation can also cause obstruction 
(Figs. 28-4 and 28-5). 


Urethra 


A number of congenital anomalies have been reported to 
occur in the urethra. The most common include duplica- 
tion, congenital urethral polyps (usually in the prostatic 
urethra), and urethral valves, which frequently result in 
obstructive symptoms. Duplication of the urethra may occur 
with complex rectal and urogenital malformations. Obstruc- 
tive lesions of the lower urinary tract include posterior 
urethral valves, urethral stenosis, or atresia. 


Figure 28-5 Ureteral diverticulum. 


Pyelitis, Ureteritis, and Urethritis 


Inflammatory lesions of the renal pelvis and ureter are gen- 
erally an extension of pyelonephritis or reflux nephropathy. 
Descriptive and often nonspecific terms refer to a variety of 
benign acute or chronic inflammatory lesions anywhere in 
the urinary tract, but they are more common in the bladder 
(Figs. 28-6 to 28-10; see Chapter 2 for further discussion). 
Peyronie disease is seen in penile urethral resection speci- 
mens, which are characterized by collagen disorganization 
and perivascular lymphocytic infiltration (Figs. 28-11 and 
28-12).3 


Benign Lesions and Mimics of Cancer 


Most benign lesions and mimics of cancer are more com- 
mon in the bladder (Table 28-1; see also Chapters 3, 4, and 
5 for further discussion). However, some entities deserve 
mention since they are more common in the upper urinary 
tract. 


Idiopathic Retroperitoneal Fibrosis 


Retroperitoneal fibrosis is an uncommon disease character- 
ized by encasement of retroperitoneal structures, such as 
the ureters and abdominal aorta, by fibrosis and chronic 
inflammation (Figs. 28-13 and 28-14).45 Clinically, there 
is a medial deviation of the ureter on radiological exami- 
nation. The ureter is encased in firm fibrotic tissue. There 
are varying amounts of fibrosis with collagen deposition. 
In areas, the lesion shows a chronic inflammatory infiltrate 
with lymphocytes and plasma cells with occasional forma- 
tion of lymphoid nodules. Stromal edema is also seen and, 
in selected cases, imparts a myxoid appearance to the lesion, 
raising a concern of myxoid liposarcoma. 


Figure 28-6 Ureteritis cystica (gross appearance). 
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Figure 28-7 Papillary urethritis (A and B). 


Recently, idiopathic retroperitoneal fibrosis has been 
linked to an IgG4-driven autoimmune process.+°!? 
IgG4-related sclerosing disease is a recently recognized 
entity that encompasses many organ systems, including 
autoimmune pancreatitis.!?-!5 These patients may have 
multiple organ involvement. Approximately 50% of 
idiopathic retroperitoneal fibrosis cases are IgG4 positive 
and should be included within the IgG4-related spectrum 
of sclerosing diseases.° 


Fibroepithelial Polyp 


Fibroepithelial polyp is an uncommon benign lesion of 
the ureter that usually occurs in young adult men and 
presents with hematuria and intermittent flank pain or with 
obstructive symptoms. The polyp arises most commonly 
in the region of verumontanum or posterior urethra. It also 
occurs in the proximal ureter, more frequently in the left 
side and rarely in other locations. Microscopically, there is 
a polypoid projection of edematous vascular stroma with 


Figure 28-8 Idiopathic eosinophilic ureteritis (A and B). 
(A) The mucosa is intact, but there is dense inflammation 
in the submucosa with an abundance of eosinophils. (B) The 
muscular wall is involved. 


Figure 28-9 Peyronie disease. Note the disorganization of the 
collagen. 


overlying atrophic or hyperplastic urothelium (Fig. 28-15). 
Light chronic inflammatory infiltrate is usually present in 
the stroma. Rare cases may have a prominent histiocytic 
component. 
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Figure 28-12 


Intestinal metaplasia of the urethra. 


Table 28-1 Histological Classification of Tumors 
of Renal Pelvis and Ureter 


Epithelial tumors 
Benign 
Urothelial papilloma 
Inverted papilloma 
Squamous cell papilloma 
Villous adenoma 
Malignant 
Urothelial carcinoma 
Micropapillary 
Nested 
Microcystic 
Inverted 
Clear cell 
With squamous differentiation 
With glandular differentiation 
Lymphoepithelioma-like 
Sarcomatoid 
Giant cell 
Squamous cell carcinoma 
Adenocarcinoma 
Small cell carcinoma 
Undifferentiated carcinoma 
Nonepithelial tumors 
Benign 
Fibroepithelial polyp 
Leiomyoma 
Fibrous histiocytoma 
Neurofibroma 
Hemangioma 
Lipoma 
Hibernoma 
Malignant 
Leiomyosarcoma 
Rhabdomyosarcoma 
Fibrosarcoma 
Angiosarcoma 
Osteosarcoma 
Malignant peripheral nerve sheath tumor 
Miscellaneous 
Pheochromocytoma 
Carcinoid 
Wilms tumor 
Choriocarcinoma 
Malignant melanoma 
Lymphoma 
Plasmacytoma 


Endometriosis 


Clinically, endometriosis occurs more frequently in the 
bladder, but the lesion may also occur in the upper urinary 
tract, with the ureter being the most common location 
(see also Chapter 4).!° It typically occurs in women 
of reproductive age, and up to 50% have a history of 
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Figure 28-13 Idiopathic retroperitoneal fibrosis (A and B). 
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Idiopathic retroperitoneal fibrosis. 


Figure 28-14 


pelvic surgery. Clinical manifestations include frequency, 
dysuria, and hematuria; in 75% of cases, these symptoms 
have catamenial exacerbations. Microscopically, the lesion 
is composed of endometriotic glands and stroma with 
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Figure 28-16 Ureteral endometriosis (A and B). 


hemosiderin deposition (requires two of these three ele- 
ments to make the diagnosis) (Figs. 28-16 and 28-17). The 
endometrial glands are typically lined by cuboidal cells 
with eosinophilic cytoplasm and pseudostratified nuclei 
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Figure 28-18 Urethral caruncle. 


that may show mitotic activity, depending on the phase 
of the cycle. The stroma may contain foamy histio- 
cytes with some chronic inflammatory cells. The stroma 
may be focally absent around some of the glands; in 


postmenopausal women who are not on estrogen replace- 
ment, the diagnosis of endometriosis may be made in the 
absence of endometrial stroma.! In such instances, the 
glands still retain their endometriotic appearance. In some 
cases, the endometrial stroma may be replaced by elastotic 
stroma similar to that seen in radial scars of the breast. 


Urethral Inflammatory Polyp 


Urethral inflammatory polyp is usually composed of 
inflamed and vascular stroma lined by normal or hyper- 
plastic urothelium, with an extensive inflammatory cell 
component extending to the urothelium. 


Urethral Caruncle 


Urethral caruncle usually occurs in postmenopausal women 
at a mean age of 68 years.!” It typically presents as a red 
painful mass at the external ureteral meatus (Fig. 28-18). 
The etiology remains uncertain. It may be asymptomatic 
or present with hematuria, dysuria, and pain. They usu- 
ally present as a nodular or pedunculated erythematous 
lesion in the posterior or lateral distal urethral wall. At 
histology, there is an exuberant proliferation of fibroblasts 
and endothelial cells in an inflammatory background; it is 
similar to granulation tissue (Figs. 28-19 to 28-21). Ure- 
thral caruncle lacks significant cytologic atypia, and mitotic 
figures are inconspicuous. Atypical stromal cells may occa- 
sionally be present, raising the possibility of malignancy in 
rare cases. At immunohistochemistry, caruncle is cytoker- 
atin negative. The urothelium may show hyperplasia, meta- 
plasia, or be denuded. Carcinosarcoma or myofibroblas- 
tic proliferations enter the differential diagnosis occasion- 
ally (Fig. 28-22). Recently, the disease has been linked to 
an autoimmune process.!” A substantial number of cases 
(30%) showed positive IgG4 staining (Fig. 28-23).!7 


Urethral Diverticula 


Urethral diverticula usually affect women and are often 
asymptomatic. Most are lined by urothelium, but squamous 
and glandular metaplasia can be seen. Nephrogenic ade- 
noma (nephrogenic metaplasia) or carcinoma may develop 
in urethral diverticula. 


Ectopic Prostatic Tissue 


Ectopic prostatic tissue occurs in adolescents or young 
adults and presents with hematuria or irritative symp- 
toms (see also Chapter 4).!8 In some cases, atypical 
cells may be shed in the urine. Most commonly, these 
lesions are located in the posterior portion of prostatic 
urethra; it is composed of benign prostatic glands with 
overlying intact urothelium (Figs. 28-24 to 28-26). 
Secretory cells are prostate-specific antigen (PSA) 
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Figure 28-20 Urethral caruncle. Figure 28-21 Urethral caruncle. Note the reactive stromal 


atypia. 
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Figure 28-22 Urethral caruncle (A to C). IgG4 staining is 
positive (C), linking the disease to the autoimmune process. 


positive; high molecular weight cytokeratin positively stains 
the basal cell layer. Also, in the prostatic urethra veru- 
montanum gland, hyperplasia is important since it can be 
confused with prostatic adenocarcinoma on a biopsy, as it 
shows an increased number of crowded and small prostatic 


Figure 28-23 Urethral caruncle. Note the 
pseudocarcinomatous epithelial hyperplasia. 


Figure 28-24 Ectopic prostate. 


acini. However, the epithelial cells frequently have cuboidal 
eosinophilic or, even more frequently, pale cytoplasm with 
small nuclei and small to absent nucleoli. In verumontarium 
gland hyperplasia, the basal cell layer is preserved. Cor- 
pora amylacea with concentric laminations and occasional 
fragmentation are commonly seen. 


Subepithelial Hematoma of the Renal Pelvis 


Subepithelial hematoma of the renal pelvis can clinically 
mimic cancer.!? Microscopically, it is characterized by 
subepithelial hemorrhage and urothelial denudation and 
erosion (Figs. 28-27 and 28-28). 


Neoplasms of the Renal Pelvis and Ureter 


Tumors arising in the renal pelvis and the ureter are mor- 
phologically similar to those in the bladder (Table 28-1). 
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The incidence of these tumors ranges from 0.7 to 1.1 
per 100,000 and there is a male-to-female ratio of 1.7: 1, 
with an increasing incidence in females.2°-?4 Tumors of 
the ureter and renal pelvis account for 8% of all urinary 
tract neoplasms and are more common in older patients 
(mean, 70 years). More than 90% are urothelial carci- 
nomas. Hematuria and flank pain are the chief presenting 
symptoms.?®?6-34 


Benign Urothelial Neoplasms 


Most benign epithelial tumors are urothelial papilloma, 
inverted papilloma, villous adenoma, or squamous 
papilloma.*°-*° These lesions are usually incidental find- 
ings and show histology similar to that of bladder cases. 
Synchronous inverted papilloma of the urinary bladder 
and the renal pelvis may occur.** Rarely, nephrogenic 
adenoma may occur in the renal pelvis and the ureter. 
Benign epithelial tumors are rare in the upper urinary tract 
(see Chapter 5 for further discussion). 


Figure 28-26 Ectopic prostatic tissue in female urethra. 
(A) Low power view of a focus of ectopic prostatic tissue in 
the female urethra in a subepithelial location. (B) High power 
view showing the complex architecture of the glands, which 
is reminiscent of the central zone. Note the slight nuclear 
enlargement with occasional nucleoli. We consider these as 
reactive changes and should not be interpreted as high grade 
prostatic intraepithelial neoplasia. 


Flat Urothelial Lesions with Atypia 


There are similar categories to those seen in the bladder 
(see Chapters 6 and 7 for further discussion). 


Urothelial Carcinoma 


Clinical Features 

Carcinomas arising in the renal pelvis and calyces are 
twice as common as those of the ureter (Figs. 28-29 and 
28-30).? Multifocality is frequent. Bilateral synchronous 
or metachronous ureteral and renal pelvic carcinomas may 
occur. Etiologic and predisposing factors additional to those 
for bladder malignancy include phenacetin abuse, kidney 
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Figure 28-27 Subepithelial hematoma of the renal pelvis 
that clinically mimics cancer. 


Figure 28-28 Subepithelial hematoma of the renal pelvis. 


papillary necrosis, Balkan nephropathy, thorium containing 
radiologic contrast material, urinary tract infections, or 
nephrolithiasis.?? -32344041 Some tumors of the ureter are 
associated with hereditary nonpolyposis colon cancer syn- 
drome (Lynch syndrome).*!4? Hydronephrosis and stones 
may be present in renal pelvic tumors, while hydroureter 
and/or stricture may accompany ureteral neoplasms.* Prior 
histories of bladder and upper tract tumor multifocality are 
the most important risk factors for bladder tumor recur- 
rence following treatment of upper urinary tract urothelial 
carcinoma.“ 

Urothelial carcinoma behaves identically in the upper 
and lower urinary tract after controlling for pathologic stage 
and histologic grade.*> 


Macroscopic Pathology 

Grossly, tumors may be papillary, polypoid, nodular, ulcer- 
ative, or infiltrative (Figs. 28-31 and 28-32). Some tumors 
distend the entire pelvis, while others ulcerate and infiltrate, 


Figure 28-29 Urothelial carcinoma of the ureter. CT scan 
shows retroperitoneal adenopathy (A). The same patient also 
has ureteral carcinoma overlying the ureteral orifice (B). 
(Photo courtesy of Dr. Koch.) 


causing thickening of the wall.?°.83!4 A high grade tumor 
may appear as an ill-defined mass that involves the renal 
parenchyma, mimicking a primary renal cell carcinoma. 


Microscopic Pathology 

The renal pelvic malignancies mirror bladder urothelial 
neoplasia and therefore occur with similar histology, 
including papillary noninvasive or invasive tumors, 
carcinoma in situ (CIS), and solid invasive carcinoma 
(Figs. 28-33 to 28-38).2°272830314748 The entire morpho- 
logic spectrum of urothelial carcinoma and its variants 
may be seen in the upper tract. Tumor types include 
those showing squamous and glandular differentiation, 
inverted growth, different morphologic variants (nested, 
microcystic, micropapillary, clear cell, plasmacytoid), 
and poorly differentiated or undifferentiated carcinoma 
(lymphoepithelioma-like, sarcomatoid, and pleomorphic 
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Figure 28-30 Urothelial carcinoma of the ureter. A papillary 
ureteral tumor can be seen emanating from the left ureteral 
orifice. (Photo courtesy of Dr. Koch.) 


giant cell) (Figs. 28-39 and 28-40).284048-6 Sarcomatoid 
carcinoma is rare in the pelvis and ureter, has a poor prog- 
nosis, and may show either homologous or heterologous 
stromal elements (Fig. 28-41).°>>7 Rare cases of chori- 
ocarcinoma reported in this location are currently viewed 
as high grade urothelial carcinoma with trophoblastic 


differentiation.©°’ There is a separate TNM staging sys- 
tem for tumors of the renal pelvis and ureter according 
to the American Joint Committee on Cancer (AJCC) TNM 
(tumor, lymph nodes, and metastases) staging system, 2010 
revision (Table 28-2).! 

The most important prognostic factor is tumor stage.!78 
In evaluating these specimens, it is important to avoid 
overstaging as pT3 tumors that invade the muscularis 
(pT2) but with extension into renal tubules in a pagetoid or 
intramucosal pattern.ĉ Survival for patients with pTa/pTis 
lesions is essentially 100% but declines up to 75% in 
patients with pT2. Survival for patients with pT3 and pT4 
tumors, tumors with nodal involvement, and patients with 
residual tumor after surgery is poor.*4 Other prognostic 
factors include patient age and type of treatment.7*4° The 
characteristics of invading neoplastic nests (infiltrative 
vs. nodular or trabecular), vascular invasion, and tumor 
necrosis could be of prognostic significance.2®46%-7 
Recently, it has been noticed that extensive coagulative 
tumor necrosis (>10% of the tumor area under microscopic 
examination) is an independent predictor of poor survival 
in patients with tumors of the renal pelvis and ureter.” It 
has been suggested that Ki67 overexpression might also 
be of prognostic value and that ErbB2 expression could 
be a predictor of disease progression and disease-related 
survival in upper urothelial carcinoma.” !7? 


Figure 28-31 Papillary urothelial carcinoma of the the ureteropelvic junction (A) and of the ureter (B). 
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Figure 28-32 Urothelial carcinoma in situ of the ureter (A 
and B). 
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Figure 28-34 Papillary urothelial carcinoma of the ureter (A 
and B). 


Figure 28-33 Urothelial carcinoma in situ of the ureter. 


Figure 28-35 Papillary urothelial carcinoma of the ureter. 
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Figure 28-38 Urothelial carcinoma of renal pelvis invading 
the renal parenchyma. 
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Figure 28-36 Invasive urothelial carcinoma of the ureter (A 
and B). Tumor invades the muscularis propria. 
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Figure 28-39 Nested variant of urothelial carcinoma in the 
ureter. 
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Lymphovascular invasion is also a poor prognostic 
factor in upper urinary tract urothelial carcinoma and 
is an independent predictor of shortened recurrence-free 
survival. 


Grading Urothelial Carcinoma 

Urothelial tumors should be graded following the proposal 
for the bladder urothelial tumors made by the World Health 
Organization (WHO) in 1973 or, until validated, both the 
1973 WHO grade and the 2004 WHO grade can be stated 
in the final pathology report (see Chapter 9 for further 
; 2 (a ; : discussion).7°303668 The existence of papillary urothelial 
Figure 28-37 Urothelial carcinoma of renal pelvis invading neoplasia of low malignant potential (PUNLMP) in the 
the renal parenchyma. upper urinary tract has recently been challenged.783°76.68 
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Figure 28-41 Sarcomatoid carcinoma of the ureter. 


Figure 28-40 Inverted variant of urothelial carcinoma in the 
ureter (A and B). 


Immunohistochemistry and Molecular Pathology 

Some urothelial carcinomas in this location display 
a-fetoprotein or cyclooxygenase-2 expression by 
immunohistochemistry.©*73 Synchronous renal cell 
carcinoma and urothelial cell carcinoma may coexist. p63 
and high molecular weight cytokeratin (348E12) are rel- 
evant in the differential diagnosis of urothelial carcinoma 
with poorly differentiated renal cell carcinoma. Urothelial 
carcinomas of the renal pelvis, ureter, and urinary bladder 
show molecular similarities to bladder carcinoma, but 
microsatellite instability (MSI) is more common in upper 
urinary tract cancers.’4~78 Deletions on chromosome 9p 
and 9q occur in 50% to 75% of all patients, and frequent 
deletions at 17p in addition to TP53 mutations are seen 
in advanced invasive tumors of the upper urinary tract. 
Twenty percent to 30% of all upper urinary tract cancers i 
demonstrate MSI and loss of the mismatch repair proteins Figure 28-42 Signet ring cell adenocarcinoma of the ureter 
MSH2, MLH1, or MSH6.”4 Mutations in the sequences (A and B). 
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Table 28-2 TNM Classification of Tumors of the Renal Pelvis and Ureter (2010 Revision) 


T: Primary tumor 
TX Primary tumor cannot be assessed 
TO No evidence of primary tumor 
Ta Papillary noninvasive carcinoma 
Tis Carcinoma in situ 
mi Tumor invades subepithelial connective tissue 
2 Tumor invades the muscularis propria 


T3 (For renal pelvis only) Tumor invades beyond muscularis into peripelvic fat or renal parenchyma 
(For ureter only) Tumor invades beyond muscularis into periureteric fat 
T4 — Tumor invades adjacent organs or through the kidney into perinephric fat 


N: Regional lymph nodes 
NX Regional lymph nodes cannot be assessed 
NO No regional lymph node metastasis 


N1 Metastasis in a single lymph node 2 cm or less in greatest dimension 
N2 Metastasis in a single lymph node more than 2 cm but not more than 5 cm in greatest dimension, or multiple lymph 


nodes, none more than 5 cm in greatest dimension 


N3 Metastasis in a lymph node more than 5 cm in greatest dimension 


M: Distant metastasis 
MO No distant metastasis 
M1 Distant metastasis 


of TGF6-RIU, Bax, MSH3, and MSH6 genes are found in 
20% to 33% of cases with MSI, indicating a molecular 
pathway of carcinogenesis that is similar to some mismatch 
repair-deficient colorectal cancers. Tumors with MSI have 
different clinical and histological features, including low 
tumor stage and grade, papillary growth, and a higher 
prevalence in female patients; some of these tumors exhibit 
an inverted growth pattern.’4~78 


Adenocarcinoma 


Pure adenocarcinoma of the renal pelvis and ureter is rare, 
showing morphologic types similar to those in the bladder 
(enteric, mucinous, or signet ring cell) (Fig. 28-42).5560.79 
Glandular (intestinal) metaplasia, nephrolithiasis, and 
repeated infections are predisposing factors. Most ade- 
nocarcinomas are high grade and are widely invasive at 
presentation. In the ureter, florid cystitis glandularis may 
occur, raising concern in the differential diagnosis with 
well-differentiated adenocarcinoma. Pathologic character- 
istics of adenocarcinoma are similar to those of the bladder 
(see Chapter 13 for further discussion).8°°! 


Squamous Cell Carcinoma 


Squamous cell carcinoma is very rare but may occur in 
the renal pelvis, where it follows urothelial carcinoma in 
frequency.>*°!8? Squamous differentiation in an otherwise 
urothelial carcinoma is seen in about 40% cases in the 
renal pelvis.*?47 Pure squamous cell carcinomas are 
usually high grade and high stage tumors and frequently 


596 


invade the kidney; they usually occur in the background of 
nephrolithiasis, chronic inflammation, or being associated 
with squamous metaplasia.** Some squamous cell carci- 
nomas may present with hypercalcemia; but are unrelated 
to Epstein-Barr virus infection.’ Survival at five-year 
followup is poor.’ The pathologic characteristics are 
similar to those of squamous cell carcinoma arising in the 
bladder (see Chapter 14 for further discussion). 


Tumor of the Urethra 


This category includes epithelial and nonepithelial neo- 
plasms of the male and female urethra between from 
the urinary bladder and the urethral meatus, and tumors 
arising in the accessory glands (Cowper and Littre glands 
as well as Skene glands in the female) (Figs. 28-43 and 
28-44; Table 28-3). Epithelial tumors of the urethra are 
rare and three to four times more common in women 
than in men. Urethral carcinomas occurring in men are 
strikingly different in clinical and pathologic features than 
tumors in women. This difference seems to be attributable 
to the distinct differences in the anatomy and histology of 
the urethra in both genders. Congenital diverticulum as 
well as acquired strictures of the female urethra contribute 
to the female preponderance of carcinomas. Columnar 
and mucinous adenocarcinomas are thought to arise from 
glandular metaplasia, whereas cribriform adenocarcinoma 
that shows PSA-positive staining seems to originate from 
Skene glands.!® 
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Figure 28-44 Littre glands of the urethra. 


Benign Epithelial Tumors of the Urethra 


Benign epithelial tumors are exquisitely rare in the urethra 
of either gender. Tumors occurring in males are similar 
to those in the female urethra. Some reports of squamous 
papilloma, villous adenoma, condyloma acuminatum, and 
urothelial papilloma of the urethra are available but are rare 
overall (Figs. 28-45 to 28-49).84 Other tumors, including 
leiomyoma, neurofibroma, paraganglioma, inverted papil- 
loma, and nephrogenic adenoma, have also been reported in 
the urethra.®5-87 Inflammatory or fibrovascular polyps are 
noted occasionally in the urethra. The histological features 
are identical to neoplasms described in the urinary blad- 
der and other sites. Villous adenoma of the urethra is often 
associated with tubulovillous adenoma and adenocarcinoma 
of the rectum.®®:8° 


Table 28-3 WHO Histological Classification of the 
Tumors of the Urethra 


Epithelial tumors 
Benign 
Squamous papilloma 
Villous adenoma 
Urothelial papilloma, including inverted papilloma 
Malignant 
Primary 
Squamous cell carcinoma 
Urothelial carcinoma 
Adenocarcinoma 
Clear cell carcinoma 
Nonclear cell carcinoma 
Enteric 
Colloid (mucinous) carcinoma 
Signet ring cell carcinoma 
Adenocarcinoma, not otherwise specified 
Adenosquamous carcinoma 
Neuroendocrine carcinoma 
Undifferentiated carcinoma 
Secondary 
Nonepithelial tumors 
Benign 
Leiomyoma 
Hemangioma 
Glomangiomyoma 
Malignant 
Malignant melanoma 
Non-Hodgkin lymphoma 
Plasmocytoma 
Tumor-like lesions 
Fibroepithelial polyp 
Prostatic polyp 
Caruncle 
Condyloma acuminatum 
Nephrogenic adenoma (metaplasia) 
Tumors of accessory glands 
Malignant 
Carcinoma of Skene, Littré, and Cowper glands 


Carcinoma of the Urethra 


General Features 

Tumors involving the distal urethra and meatus are most 
common and appear as exophytic nodular, infiltrative, or 
papillary lesions with frequent ulceration (Figs. 28-50 and 
28-51).°°-° Tumors involving the proximal urethra that are 
urothelial exhibit macroscopic diversity with cases show- 
ing papillary growth, erythematous or white plaque-like, or 
the nodular/infiltrative growth of invasive carcinoma.?°-?° 
Adenocarcinomas are often large infiltrative or expansile 
neoplasms that may have an exophytic surface.?°~!°° They 
can be mucinous, gelatinous, or cystic. These tumors may 
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Figure 28-48 Condyloma acuminatum of the urethra (A 
and B). 


Figure 28-47 Inverted papilloma of the urethra. Figure 28-49 Condyloma acuminatum of the urethra. 


Figure 28-50 Cystoscopic view of low grade urothelial 
carcinoma arising from the urethra. (Photo courtesy of Dr. 
Koch.) 


occur within a urethral diverticulum.?°-!° Other tumors 
may occur in the penile urethra, bulbomembranous ure- 
thra, or the prostatic urethra, which often determines the 
gross and histological appearance. These tumors grow as 
ulcerative, nodular, papillary, cauliflower-like, or ill-defined 
lesions. Histologically, there are some differences between 
female and male urethral carcinomas, mainly because of 
its different anatomic location. Distal urethral and meatus 
tumors are squamous cell carcinomas (70%), and tumors 
of the proximal urethra are urothelial carcinomas (20%) or 
adenocarcinomas (10%).20~ ! 

Urothelial neoplasms may be noninvasive, papillary 
low grade or high grade urothelial carcinoma, urothelial 
CIS, or invasive urothelial carcinoma (Figs. 28-52 and 
28-53).°!°4 CIS may involve suburethral glands, focally 
or extensively, a fact that should not be mistaken as 
invasion. Deeply invasive carcinomas are high grade, with 
or without a papillary component, and characterized by 
irregular nests, sheets, or cords of cells with a desmoplastic 
and/or inflammatory response. Tumors may exhibit squa- 
mous, glandular differentiation or unusual morphologic 
variations (nested, microcystic, micropapillary, clear cell, 
or plasmacytoid) (Fig. 28-54).°° A small cell carcinoma 
or sarcomatoid carcinoma component is rarely seen.” 
In the penile and bulbomembranous urethra, about 75% 
of carcinomas are squamous cell carcinoma, followed 
by urothelial carcinomas (usually, prostatic urethra and, 
less commonly, bulbomembranous and penile urethra), 
adenocarcinomas (usually, bulbomembranous urethra), or 
undifferentiated carcinoma.°*°°-! Urothelial carcinoma 
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Figure 28-51 Gross appearance of urethral urothelial 
carcinoma. 


Figure 28-52 High grade papillary urothelial carcinoma of 
the urethra. 


may involve the prostatic urethra, exhibiting the same 
grade and histological spectrum described in the female 
urethra.?! It may be synchronous or metachronous to 
bladder neoplasia. A feature unique to prostatic urethral 
urothelial cancers is the frequent proclivity of high grade 
tumors to extend into the prostatic ducts and acini in a 
pagetoid fashion.?! In these cases (CK7+/CK20+), the 
differential diagnosis with Paget disease of the vulva 
(CK7+/CK20—) extending through the urethra is manda- 
tory, as it is with melanoma extending from the urethra 
(HMB45+/Melan A+). Rare cases of prostatic ductal 
adenocarcinoma arising in periurethral ducts may mimic 
high grade papillary urothelial carcinoma, a pitfall that 
should be avoided since therapy is significantly different 
in prostatic tumors (Fig. 28-55). Immunohistochemical 
evaluation can be of help in difficult cases. 
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Figure 28-53 Invasive urothelial carcinoma of the urethra. 


Urothelial tumors are graded as outlined in the urinary 
bladder (see also Chapter 9).*!0!:!0? There is a separate 
TNM staging system for urothelial carcinomas arising from 
the prostatic urethra (Table 28-4).! The overall prognosis 
is relatively poor.°-! Tumor stage and location are 
important prognostic factors. In females and males, prox- 
imal tumors have better overall survival than distal tumors 
(51% for proximal versus 6% for distal in females and 
50% for proximal versus 20% for distal tumors in males, 
five-year survival). In both genders, high pT tumor stage 
and the presence of lymph node metastasis are adverse 
prognostic parameters. 

A number of tumor-like conditions enter the differen- 
tial diagnosis of urethral carcinoma including nephrogenic 
metaplasia (nephrogenic adenoma), fibroepithelial and pro- 
static polyps, condyloma acuminatum, and caruncle.** 


Squamous Cell Carcinoma of the Urethra 

Squamous cell carcinomas of the urethra span the range 
from well-differentiated (including the rare verrucous 
carcinoma) to moderately differentiated (most common) 
to poorly differentiated.°°-!°° Squamous cell carcinomas 
are similar in histology to invasive squamous cell carci- 
nomas at other sites (Figs. 28-56 to 28-58). Squamous 
cell carcinomas are usually graded following similar 
carcinomas in other organs—well, moderately, and poorly 
differentiated carcinomas using the classic criteria of 
degree of differentiation. 

Squamous cell carcinoma of the urethra is associated 
with high risk human papillomavirus (HPV) infection in 
female and male patients.’”7* HPV16 or HPV18 may be 
detected in up to 60% of urethral carcinomas in women. In 
men, about 30% of squamous cell carcinomas test positive 
for HPV16; tumors in the bulbar urethra are usually nega- 
tive. Some HPV 16-positive tumors may have a more favor- 
able prognosis. Low risk HPV (HPV6 or HPV11) infection 
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Figure 28-54 Micropapillary variant of urothelial carcinoma 
of the urethra (A and B). 


plays a crucial role in the etiology of condyloma acumina- 
tum of the urethra. The association of urothelial carcinoma 
with HPV, both in the urethra and the urinary bladder, 
remains controversial. The variable reported incidence may 
be related to geographical or demographic issues.!0? 


Adenocarcinoma of the Urethra 

Adenocarcinoma of the female urethra may be seen in two 
patterns, clear cell adenocarcinoma (approximately 40%) 
and nonclear cell adenocarcinoma (approximately 60%), the 
latter frequently exhibiting similar patterns as in other por- 
tions of the urinary tract (enteric, mucinous, signet ring cell, 
or adenocarcinoma not otherwise specified). Clear cell ade- 
nocarcinomas are usually characterized by pattern hetero- 
geneity within the same neoplasm with solid, tubular, tubu- 
locystic, or papillary patterns (Figs. 28-59 and 28-60).2°- 1 
The cytologic features vary from low grade (resembling 
nephrogenic adenoma focally) to high grade (more fre- 
quently). Necrosis, mitotic activity, and extensive infiltra- 
tive growth are commonly observed. The relationship to 
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Table 28-4 TNM Classification of Tumors of the Urethra (2010 Revision) 


T: Primary tumor 


TX Primary tumor cannot be assessed 
TO No evidence of primary tumor 
Urethra (male and female) 
Ta Noninvasive papillary, polypoid, or verrucous carcinoma 
Tis Carcinoma in situ 
T1 Tumor invades subepithelial connective tissue 
T2 Tumor invades any of the following: corpus spongiosum, prostate, periurethral muscle 
T3 Tumor invades any of the following: corpus cavernosum, beyond prostatic capsule, anterior vagina, bladder 
neck 
T4 Tumor invades other adjacent organs 
Urothelial (transitional cell) carcinoma of prostate (prostatic urethra) 
Tis pu Carcinoma in situ, involvement of prostatic urethra 
Tis pd Carcinoma in situ, involvement of prostatic ducts 
T1 Tumor invades subepithelial connective tissue 
T2 Tumor invades any of the following: prostatic stroma, corpus spongiosum, periurethral muscle 
T3 Tumor invades any of the following: corpus cavernosum, beyond prostatic capsule, bladder neck (extraprostatic 
extension) 
T4 Tumor invades other adjacent organs (invasion of bladder) 
N: Regional lymph nodes 
NX Regional lymph nodes cannot be assessed 
NO No regional lymph node metastasis 
N1 Metastasis in a single lymph node 2 cm or less in greatest dimension 
N2 Metastasis in a single lymph node more than 2 cm in greatest dimension, or in multiple nodes 
M: Distant metastasis 
MO No distant metastasis 
M1 Distant metastasis 


Figure 28-55 Prostatic adenocarcinoma involving the Figure 28-56 Squamous cell carcinoma of the urethra. Note 
urethra. the overlying keratinizing squamous metaplasia. 

nephrogenic adenoma remains uncertain. Adenocarcinomas Bulbourethral gland carcinomas may show a mucinous, 
are usually graded following criteria similar to carcinomas papillary, adenoid cystic, acinar, or tubular architec- 
in other organs—well, moderately, and poorly differen- ture. Female periurethral gland adenocarcinomas are 
tiated carcinomas using the classic criteria of degree of clear cell or mucinous and often show PSA immuno- 
differentiation. expression. 
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Figure 28-60 Clear cell adenocarcinoma of the urethra 


(A and B). Immunostaining of a-methylacyl-CoA racemase 
(AMACR) is positive (B). 


Figure 28-58 Squamous cell carcinoma of the urethra. 


Figure 28-61 Metastatic colon adenocarcinoma involving 
Figure 28-59 Clear cell adenocarcinoma of the urethra. the urethra. 
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Metastatic adenocarcinoma, especially from a colorec- 
tal primary, should be ruled out before making a definite 
diagnosis of urethral adenocarcinoma (Fig. 28-61). 


Soft Tissue Tumors 


Renal Pelvis and Ureter 


Rare examples of nonepithelial tumors and tumor-like con- 
ditions arising in the renal pelvis and/or ureter have been 
described, including leiomyoma, neurofibroma, fibrous 
histiocytoma, hemangioma, lipoma, hibernoma, or glomus 
tumor,?°!04-110 Malignant soft tissue tumors include 
leiomyosarcoma and, less frequently, rhabdomyosarcoma, 
osteosarcoma, fibrosarcoma, angiosarcoma, malignant 
schwannoma, and Ewing sarcoma. Gastrointestinal stromal 
tumor-like lesions as well as myofibroblastic proliferations 
may also occur.!-!!! Fibroepithelial polyp with promi- 
nent pseudosarcomatous stroma enters the differential 
diagnosis as well.!!! 


Urethra 


Rare examples of soft tissue tumors arising in the urethra 
have been described.!!?~!!4 Benign tumors include leiomy- 
oma with similar morphology and immunoprofile as in other 
organs; in female patients, leiomyoma may show expres- 
sion of estrogen receptors. Leiomyoma may occur as a part 
of diffuse leiomyomatosis syndrome (esophageal and rectal 
leiomyoma).!!?-!'4 Hemangioma has also been described. 


Miscellaneous Tumors 


Few cases of ureteric pheochromocytoma have been 
reported. Pelvic and ureteric carcinoid is similarly rare and 
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Figure 28-62 Malignant melanoma of the urethra. 


must be differentiated from metastatic disease.26!05-!!! 


Small cell carcinoma of the renal pelvis is a rarity observed 
in elderly patients.2°°! These aggressive tumors usually 
contain foci of urothelial carcinoma and have a typical 
neuroendocrine immunohistochemical profile. Renal pelvic 
and ureteric lymphomas are usually associated with 
systemic disease, while localized pelvic plasmacytoma 
has been reported.!!> Wilms tumor confined to the renal 
pelvis or extending into the ureter and cases of malignant 
melanoma of the renal pelvis may be seen rarely in the 
literature.?6104 

A curious case of tumor-like lesion of the renal pelvis 
composed of Liesegang rings has been reported.!!6 Malig- 
nant melanoma has also been described in the male and 


of the urethra. 
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also been described.'!? Carcinoid tumor may occur in the 
urethra. Other rare lesions have also been noted in the ure- 
thra (Fig. 28-64). 


female urethra, with some cases of amelanotic melanoma 
mimicking urethral carcinoma (Figs. 28-62 and 28-63).!!7 


Primary non-Hodgkin lymphoma and plasmacytoma have 
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Molecular Determinants of Tumor Recurrence 


Overview 


Urinary bladder cancer is a heterogeneous disease with 
diverse morphologic and clinical manifestations.'~> Clin- 
ical and pathological parameters are widely used to predict 
clinical outcome, but these parameters have limited util- 
ity for an individual patient. Three major risks for patients 
after initial management of tumor include recurrence, pro- 
gression into higher grade and higher stage tumors, and 
metastasis. These risks are well known for each stage of 
the disease, but are not sufficiently quantifiable for prospec- 
tively assessing the risk in individual patients. 

Tumor recurrence is a major clinical concern for 
patients with urothelial carcinoma of the urinary bladder 
(Table 29-1). The incidence of tumor recurrence for a 
bladder cancer patient ranges from 50% to 90%, and 
25% of cancers that recur ultimately progress to invasive 
cancers.>~? Despite radical cystectomy and systemic 
therapy, 50% of patients with advanced stage bladder 
cancer will eventually die from metastasis.*:!0-!° 

Eighty percent of patients with urothelial bladder cancer 
suffer from recurrence within one to two years of initial 
treatment. Traditional morphological analysis is of limited 
utility for identifying cases in which recurrence will occur. 
Reliable parameters for tumor recurrence risk would be 
valuable when advising patients about surveillance mea- 
sures and aggressiveness of therapy. Molecular and genetic 
analyses offer new perspectives on the prediction of bladder 
tumor recurrence (Table 29-2),45-11,14-17 


Table 29-1 Clinical Impact of Molecular Prediction of 
Recurrence 


High grade urothelial cancers are less likely to be 
completely excised by transurethral resection and, 
therefore, are more likely to recur. 

Eighty percent of urothelial bladder cancers recur. These 
recurred tumors tend to have grade and stage progression. 

Routine clinical and pathological parameters are widely 
used to predict patients’ clinical outcomes, but these 
parameters are of limited utility for predicting tumor 
recurrence. 

Recently discovered molecular alterations in bladder cancer 
have shown potential for predicting tumor recurrence. 

Bladder cancer is often a multifocal disease with 
anatomically separate tumors arising simultaneously or 
sequentially. Recent molecular analyses of multifocal 
bladder tumors suggest that there is a field effect of 
transforming agents influencing the entire urothelial 
surface. 

Cancer stem cells may be the cellular seeds of tumor 
recurrence. Tumor progression and field cancerization 
may be important mechanisms for these recurrence 
events. 
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Table 29-2 Use of Molecular Markers to Predict Tumor 
Recurrence 


A gene expression signature of a urothelial cancer could be 
used to predict tumor recurrence. Molecular signature of 
tumor could be at the chromosomal, allelic, or genomic 
level. 

FGFR3 and TP53 mutations are findings that consistently 
define low and high grade bladder cancers, respectively. 

Genetic alterations determined by loss of heterozygosity and 
fluorescence in situ hybridization analysis could classify 
patients according to probability of bladder tumor 
recurrence. 

Global assessment by gene expression profiling could 
potentially identify other markers useful in the clinical 
setting. 

Aberrant promoter hypermethylation is an important 
mechanism for inactivation of tumor suppressor genes, 
their regulators and downstream factors. Histone 
modification may also play a role in the bladder cancer 
recurrence. Epigenetic alteration of certain gene 
promoters is associated with increased or decreased risk 
of tumor recurrence. 

Multiple markers provide a global assessment to more 
definitively predict clinical tumor behavior. A combined 
biomarker approach is a powerful tool for predicting 
tumor recurrence. 


Molecular Pathways Linked to Tumor 
Recurrence 


The molecular changes may additionally prove useful for 
developing preventive and therapeutic strategies for blad- 
der cancer.^5!1-14-24 Two major molecular pathways have 
been identified in bladder cancer: the fibroblast growth fac- 
tor receptor 3 (FGFR3)- and TP53-associated pathways 
(Table 29-3). These two pathways are characterized by dif- 
ferent genomic, epigenetic, and gene expression alterations. 
Their outcomes correlate with the markedly different clin- 
ical and pathologic features of both relatively indolent low 
grade cancers and aggressive high grade cancers. As such, 
these molecular findings are potentially useful for coun- 
seling patients and for assessing risk of recurrence and 
biological aggressiveness of a patient’s tumor (see also 
Chapters 30 to 34). 


FGFR3 Mutation is Associated with a Low Risk of 
Recurrence 


As noted previously, it seems likely that bladder carcinomas 
arise through at least two separate mechanisms.*>:!!.!4-24 
FGFR3 mutation is strongly associated with low recur- 
rence rates in superficial papillary bladder cancers.!>-?>~77 
Van Rhijn et al. analyzed 72 bladder cancer patients and 


Table 29-3 Divergent Carcinogenesis Pathways of Bladder 
Cancer 


FGFR3 and TP53 gene mutations define two distinct 
tumorigenesis pathways of bladder cancer. 

FGFR3 mutations are frequently found in exons 7, 10, and 
15; TP53 mutations are frequently found in exons 5, 7, 8, 
and 10. 

FGFR3 and TP53 mutations with changes in associated 
downstream factors, alterations of apoptosis pathways, 
modifications of cell adhesion molecules, and changes in 
epigenetic control tumor suppressor regulators and 
chromosomal rearrangements have been proposed as 
components of tumor recurrence panels. 

FGFR3 mutations are associated with low recurrence rates of 
superficial, low grade papillary urothelial carcinoma. 

TP53 mutation is associated with high cancer grade, invasive 
biologic behavior, and enhanced risk of recurrence. 

About 5% of bladder cancers carrying both FGFR3 and 
TP53 mutations. This may represent a third pathway 
leading to high grade carcinoma. 


found FGFR3 mutation in 34 of 53 pTaG1-2 bladder 
cancers.8 None of the 19 patients with higher stage tumors 
had FGFR3 mutations. A 12-month followup study on 57 
patients with superficial bladder cancer revealed that 61% 
of the patients in the wild type FGFR3 group developed 
recurrence, compared with only 20% of patients in the 
mutant group. The per year recurrence rate was 4.7-fold 
lower for tumors with FGFR3 mutation than for tumors 
with wild type FGFR3 gene.”® 

Hernandez et al. performed a large prospective study 
to evaluate the frequency and prognostic value of FGFR3 
mutations in 747 patients with nonmuscle-invasive blad- 
der tumors.” They correlated FGFR3 mutations with 
recurrence, progression, and cancer-associated mortality.” 
The median prospective followup time was 62.6 months. 
FGFR3 exon 7 and 10 mutations were analyzed by direct 
sequencing. They found that FGFR3 mutations were more 
common among low malignant potential neoplasms (77%) 
and TaG1/TaG2 tumors (61%/58%) than among TaG3 
tumors (34%) and T1G3 tumors (17%). In the multivari- 
ate analysis of all noninvasive tumors, mutations were 
paradoxically associated with increased risk of recurrence. 
However, in the stratified analyses, only patients with 
TaG1 tumors had a significantly higher risk of recurrence, 
but recurrence did not lead to worse outcomes in these 
patients.*? The results strongly support the notion that 
FGFR3 mutations characterize a subgroup of bladder 
cancers with good prognosis, but that patients with mutant 
TaG1 tumors may have a higher risk of recurrence. 

Increased FGFR3 protein expression is also found 
in papillary neoplasm with low malignant potential 
(PUNLMP). Barbisan et al. studied 80 PUNLMP cases 
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and demonstrated that 81% of the 41 nonrecurring tumors 
showed strong FGFR3 expression compared to only 56% 
of the 39 recurrent cases. Strong expression of FGFR3 
predicted the nonrecurrence of PUNLMP.*° 

FGFR3 mutations were also found in inverted papillo- 
mas of bladder.” Lott et al. analyzed 20 cases of inverted 
papilloma of the urinary tract. Mutations of the FGFR3 
(exon 7, 10, and 15) and TP53 genes were evaluated by 
DNA sequencing.” Point mutations of the FGFR3 gene 
were identified in 45% (9/20) of inverted papillomas, with 
four cases exhibiting mutations at multiple exons. Seven 
cases had exon 7 mutations at R248C, S249T, L259L, 
P260P, and V266M. Two cases had exon 10 and 15 
mutations at A366D, H412H, E627D, D641N, and H643. 
Five of the exon 15 mutation cases had N653H. The most 
frequent mutation was identified at R248C. None of the 
inverted papillomas exhibited mutations in TP53. During 
a mean followup of 78 months, none of these patients 
had recurrence or developed urothelial carcinoma. These 
findings support the concept that low grade and low stage 
urothelial neoplasms arise in a background of molecular 
changes that are distinctly different from the molecular 
changes of high grade and high stage urothelial cancers.”+ 


TP53 Mutation is Associated with a High Risk of 
Recurrence 


Numerous studies have indicated that TP53 mutations are 
strongly associated with high tumor grade, invasive behav- 
ior, risk of recurrence, and adverse clinical outcome. As dis- 
cussed above, 7P53 mutations are typically mutually exclu- 
sive of FGFR3 mutations.'®*°?! Studies of primary and 
recurrent urothelial cancers for 7P53 mutation at exons 5 to 
8 found that TP53 mutations occur predominantly in highly 
malignant, invasive tumors. High grade primary tumors and 
their metachronous recurrences usually harbor the same 
TP53 mutation, indicating a common clonal origin.*” 

In the evaluation of TP53 genetic status on 75 nonin- 
vasive urothelial carcinoma cases, Ecke et al. found that 
the overall tumor recurrence rate was 76% (57/75). Tumor 
recurrence frequency was 69% (34/49) in patients with 
wild type TP53, and 89% (23/26) in patients with TP53 
mutations. The progression-free survival was significantly 
shorter in patients with TP53 mutations, and the frequency 
of tumor progression was significantly higher in mutated 
compared to wild type tumors.’ The results suggest that 
TP53 mutation predicts patients at a higher risk of tumor 
recurrence and progression. 

Hernandez et al. performed a followup study on 119 
patients with stage T1 grade 3 urothelial carcinoma.** 
They examined the correlation between TP53 or FGFR3 
mutations and tumor recurrence. FGFR3 mutations were 
detected in 17% of tumors, and 7P53 mutations were 
found in 66% of these high grade tumors. The combined 
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mutation distribution (FGFR3/TP53 ) was as follows: wt/wt 
(35%), mut/wt (8%), wt/mut (49%), and mut/mut (9%). 
This pattern of genomic defects is drastically different 
from that of low grade superficial urothelial carcinomas. 
These T1G3 tumors may be at the crossroads of the 
two main bladder cancer molecular pathways and may 
represent a third genesis with activation of both pathways 
concurrently.*4 

TP53 mutations have long been proposed as a predic- 
tor of patients’ clinical outcomes. Nonetheless, reported 
research works have shown conflicting results, ranging from 
independent determinant,?™36 to association with patients’ 
clinical outcomes but not independently predictive,*’ to 
unrelated to outcome in patients with bladder cancer.***° 
It is noteworthy that Malats et al.38 reviewed 168 publica- 
tions from 117 studies to evaluate the predictive power of 
TP53 mutation as a marker of bladder cancer recurrence, 
progression, and mortality. They found that 27% of studies 
that assessed TP53 overexpression as a predictor recurrence 
by multivariate tests showed a significant association. The 
mean values in these studies for progression and mortality 
were 50% and 29%, respectively. The authors suggested 
that in studies that used Cox models, the findings could 
be overestimates because of publication and reporting bias. 
The results showed that after 10 years of research, evidence 
is still not sufficient to conclude whether or not changes in 
TP53 act as markers of outcome in patients with bladder 
cancer. More studies are needed to provide sufficient data 
to clarify this issue. 


Gene Expression Signature to Predict 
Bladder Cancer Recurrence 


High-throughput DNA microarrays allow identification 
of the most prevalent and relevant alteration patterns 
in bladder tumors. Clusters of differentially expressed 
genes identify biomarkers to discriminate differences in 
histopathology or in clinical outcome. Those profiles may 
also identify potential therapeutic targets. Gene expression 
signatures to predict aggressive tumor behavior at the 
earliest clinical stages are urgently needed not only to 
select current treatment, but also to identify targets for 
developing future treatments.*>:!4 

Gene expression profiling provides a global view of 
functional DNA alterations. Combining this understanding 
of the genotype with longitudinal studies of the clinical 
phenotype for each tumor will open a new window on clin- 
ical outcome. Array-based molecular profiling technology 
enables the physician to obtain a more complete picture 
of gene expression networks and thus to improve the pre- 
diction of recurrence risk. Specific bladder tumor subtypes 
have distinct gene expression profiles. 
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Dyrskjot et al.4° report the identification of clinically 
relevant subclasses of bladder carcinoma using expression 
microarray analysis of 40 bladder cancers. To delineate non- 
recurring Ta tumors from frequently recurring Ta tumors, 
the expression patterns in 31 tumors were analyzed. In 
an independent series, the validation study confirmed the 
clinical utility of molecular classifiers to predict the recur- 
rence risk for patients initially diagnosed with nonmuscle- 
invasive bladder cancer. The authors also built a 32-gene 
molecular classifier using a cross-validation approach that 
was able to classify benign and muscle-invasive tumors. 
The genetic classification correlated closely with patholog- 
ical staging in an independent test set of 68 tumors. 

It has been suggested that the origin and progression 
of bladder carcinoma result from accumulation of specific 
genetic or epigenetic alterations, often termed genetic 
signatures. Studies in bladder cancer have established 
links between specific expression patterns and clinical 
outcome. Gene expression profiles could also help select 
not only genes associated with tumor recurrence, but also 
expression associated with invasion and progression. To 
identify bladder cancers with a high risk of intravesical 
recurrence after transurethral bladder tumor resection, 
Ito et al. studied 20 invasive and 22 superficial human 
bladder tumors from 34 patients with known outcomes.*! 
Microarray cDNA hybridization identified 25 genes whose 
expression was associated with recurrence, including PAK/. 
PAKI expression was also associated with recurrence in a 
validation set of 86 bladder cancers. In these tumors, high 
PAKI expression was associated with nearly threefold 
greater risk of recurrence at 24 months than the risk in 
tumors with median or decreased expression. High PAK1 
protein expression assessed by immunohistochemistry was 
an independent factor associated with recurrence in multi- 
variate analysis.*! The authors postulate that PAK/ actively 
promotes recurrence of bladder urothelial carcinoma. 

DNA microarray expression profiling may also identify 
genes underlying clinical heterogeneity of bladder cancer. 
In another cDNA array study, 40 cases of superficial low 
grade bladder carcinoma, including 20 recurrent and 20 
nonrecurrent cases, were evaluated.42 Genes identified in 
the array included matrix metalloproteinase, oncogenes 
and cell cycle-related genes. By this analysis, matrix 
metalloproteinase-1, -2, -9, -12, and -15, transforming 
growth factor-81, vascular endothelial growth factor, and 
fos were upregulated in recurrent cases. Overexpression of 
matrix metalloproteinase-1 and -12, transforming growth 
factor-B1, vascular endothelial growth factor, and fos 
predicted recurrence even for superficial low grade bladder 
cancer.** In another study, a two-way clustering algorithm 
classified tumor samples according to clinical outcome as 
superficial, invasive, or metastasizing.** 

Gene expression profiling of human bladder cancers 
affords a window into the causes of cancer recurrence and 


progression and identifies patients with distinct clinical 
phenotypes. 


Combined Biomarkers as Predictors of 
Tumor Recurrence 


Evolution in the research of bladder cancer recurrence 
has moved from a single marker or pathway to multiple 
markers and global assessment for prediction of clinical 
tumor behavior (see also Chapters 33 and 34 for further 
discussion). Although markers such as Ki67 directly 
indicate high proliferation activity and are significantly 
related to tumor recurrence, they are unreliable for 
assessing individual risk.44~*° High expression of vascular 
endothelial growth factor and high microvessel density are 
associated with early recurrence of nonmuscle-invasive 
bladder cancer.*748 Combined markers or pathways may 
predict recurrence risk more accurately and precisely than 
prediction by any single marker. 

Identifying a central theme for predicting cancer 
recurrence has been a focus of many researchers. For the 
last decade, research efforts have resulted in a long list of 
potential molecular markers for bladder cancer recurrence. 
Mutations of FGFR3 and TP53 genes, alterations of apop- 
tosis pathways, modifications of cell adhesion molecules, 
changes in epigenetic control of tumor suppressor regu- 
lators, and chromosomal rearrangements have been put 
forward as recurrence predictors. Some molecular markers 
hold considerable promise to assess the risk of recurrence, 
and only a few studies have analyzed the performance 
of multiple molecular markers concurrently. Van Rhijn 
et al. investigated 286 bladder urothelial cancer patients 
for FGFR3 status and expression levels of MIB1, p53, 
and p27Kip1.?’ FGFR3 mutations were detected in 172 
(60%) of 286 cancers. FGFR3 mutations were detected 
in 88% of grade 1 cancers, but detected only in 16% of 
grade 3 cancers. Aberrant expression patterns of MIB1, 
p53, and p27Kip! were found in 5%, 2%, and 3% of grade 
1 tumors but in 85%, 60%, and 56% of grade 3 tumors. 
In multivariate analysis with recurrence rate, progression, 
and disease-specific survival as endpoints, the combination 
of FGFR3 and MIBI proved independently significant 
for all endpoints. The authors suggested that the FGFR3 
mutation combining with MIB1, p53, and p27Kip1 could 
provide a new, simple, and highly reproducible tool for 
making clinical decisions in bladder cancer patients. 

Yurakh et al. investigated 84 patients with bladder 
cancer by detection of homozygous deletion of pl4ARF, 
pISINK4B, pl6INK4A, loss of heterozygosity (LOH) 
of the locus 9p21, TP53 mutations, and by measuring 
immunohistochemical expression of p53, p16, p14, p21, 
p27, pRb, Ki67, MDM2, and cyclin D1 proteins in 
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relation to overall survival, recurrence-free survival, and 
progression-free survival.’? Recurrence-free survival was 
shorter in cases with pl4ARF, p15INK4B, pl6INK4A 
homozygous deletion, low p14 expression, and high Ki67 
index. Homozygous deletions of 9p21 and downregulation 
of p14 are independent prognostic factors for early recur- 
rence of bladder cancer.“ Chatterjee et al. investigated 
the combined effects of p53, p21, and pRb alterations 
for predicting bladder cancer progression from 164 
patients with invasive or high grade recurrent urothelial 
carcinoma.*° After stratifying by stage, the authors found 
that these altered proteins remained significantly associated 
with time to recurrence and overall survival. Analysis 
of molecular determinants in combination provides more 
reliable prognostic information than does any single 
determinant alone. However, even combined molecular 
markers still have false-positive and false-negative results 
for some cases. 

Shariat et al. analyzed 191 patients with pTa to 
pI3NOMO urothelial bladder cancers using the combined 
biomarker approach (Figs. 29-1 and 29-2).°° All patients 
were treated with radical cystectomy and bilateral lym- 
phadenectomy, and this cohort had a median followup of 
3.1 years. The combined immunohistochemical biomarkers 
included p53, pRb, p21, pl6, and cyclin El. When 
used together, these markers improved the power to 
predict bladder cancer recurrence compared to established 
prediction tools.°° Univariate analyses indicated that the 
number of altered biomarkers had a greater predictive 
accuracy for disease recurrence than did pathological 
stage, lymphovascular invasion, patient age, or coexisting 
carcinoma in situ (CIS). The predictive power and accuracy 
of altered biomarkers for tumor recurrence increased as 
the number of altered biomarkers increased. Regression 
coefficients in the full multivariate model revealed that 
patients with three and four to five altered biomarkers 
were 3.8 and 11.2 times more likely to experience disease 
recurrence than were patients bearing zero to two altered 
biomarkers.°” Risk of recurrence and cancer-specific 
mortality were more strongly associated with the increas- 
ing number of altered biomarkers than with increasing 
T stage. 

Altered molecular mechanisms of apoptosis also play an 
important role in the carcinogenesis of urothelium. Allow- 
ing neoplastic cells to survive longer and acquire resistance 
to harmful stresses is a prerequisite for tumor progression. 
Combined apoptosis biomarkers were investigated for 
the ability to predict bladder cancer recurrence. A recent 
study of multiple apoptosis markers BCL-2, CASP3, p53, 
and survivin, found that simultaneously altered apoptosis 
markers are associated independently with increased risk 
of recurrence.>! There appears to be a cooperative effect 
of BCL-2, CASP3, p53, and survivin on bladder cancer 
progression as well as recurrence.°! Immunoperoxidase 
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Figure 29-1 Kaplan-Meier plot estimates of (A) overall recurrence-free survival probability (dotted lines, 95% confidence 
intervals); (B) recurrence-free survival probability stratified according to the number of altered biomarkers; (C) recurrence-free 
survival probability stratified according to pathologic stage; (D) overall bladder cancer-specific survival probability (dotted lines, 
95% confidence intervals); (E) bladder cancer-specific survival probability stratified according to the number of altered biomarkers; 
(F) the overall bladder cancer-specific survival probability stratified according to pathologic stage. (From Ref. 50; with permission.) 
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Figure 29-2 (A) Postoperative nomogram predicting one-, two-, and five-year risk of disease recurrence in patients with 
pTa-3 NOMO urothelial carcinoma of the bladder treated with radical cystectomy and bilateral lymphadenectomy. 
Instructions for physicians: Locate the patient’s T stage on the sexaxis. Draw a straight line up to the pointsaxis to 
determine how many points toward recurrence the patient should receive. Repeat this process for each of the remaining 
axes, drawing a straight line each time to the points axis. Sum the points received for each predictive variable and locate 
this number on the totalpointsaxis. Draw a straight line down from the total points axis to one of the recurrence-free 
prediction axes for the patient’s specific risk of remaining free from recurrence for one, two, and five years. (B) 
Calibration plot of the postoperative nomogram predicting risk of disease recurrence after radical cystectomy and bilateral 
lymphadenectomy. (C) Postoperative nomogram predicting one-, two-, and five-year risk of cancer-specific survival in 
patients with pTa-3 NOMO urothelial carcinoma of the bladder treated with radical cystectomy and bilateral 
lymphadenectomy. (D) Calibration plot of the postoperative nomogram predicting risk of cancer-specific survival after 
radical cystectomy and bilateral lymphadenectomy. (From Ref. 50; with permission.) 
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staining for these four apoptosis-related markers in tissue 
microarrays from 226 consecutive bladder tumors showed 
altered expression in 32% to 64% of the cases. These alter- 
ations were associated with a 1.7-fold to 2.7-fold increase in 
risk of recurrence, and with a 2.0-fold to 3.2-fold increase 
in risk of cancer-specific mortality during the 37-month 
median followup. Assessment of combined apoptosis mark- 
ers provides prognostic information that could help to iden- 
tify the patient with a high risk of disease recurrence. 


Epigenetic Alterations as Predictors 
of Tumor Recurrence 


Promoter CpG island methylation is a key regulator of 
gene transcription and a guardian of genomic stability 
(see also Chapters 32 and 34).°?->4 Alterations in DNA 
methylation patterns are frequently detected in human 
tumors. Hypermethylation of normally unmethylated CpG 
islands in the promoter regions of tumor suppressor genes 
causes loss of gene expression. In bladder carcinoma, 
promoter region hypermethylation and decreased expres- 
sion of tumor suppressor genes such as RUNX3, p16, 
and E-cadherin have been reported.” Aberrant promoter 
hypermethylation of other genes, such as hMLH1, MGMT, 
VHL, DAPK, and GSTP1, has also been observed.>° 
There is increasing evidence for a role of epigenetic gene 
silencing in superficial bladder cancer tumorigenesis.>’>* 
Analysis of the methylation status of 20 cancer-associated 
genes (pI4ARF, p16, STATI, SOCSI, DR3, DR6, PIG7, 
BCL2, hTERT, BAX, EDNRB, DAPK, RASSFIA, FADD, 
TMS-1, E-cadherin, ICAM1, TIMP3, MLHI, COX2) in 
primary nonmuscle-invasive bladder carcinoma showed 
increased tumor recurrence with the methylation of SOCS/, 
STATI, BCL2, DAPK, or E-cadherin. TIMP3 methylation 
is associated with improved recurrence-free survival.°° 
Hypermethylation of these gene promoters was observed 
in 7% of patients in the nonrecurrence group and 28% 
of patients in the recurrence group. The recurrence rate 
for 24-month followup was 88% for hypermethylation of 
DAPK and 28% for nonmethylation of DAPK. The results 
suggest that hypermethylation of DAPK might be a useful 
marker to predict recurrence of non-muscle-invasive blad- 
der cancers.°” These findings were validated by another 
group.°? Further, hypermethylation of DAPK predicted 
recurrence for superficial bladder cancer in 88% of cases.°? 

Epigenetic silencing of tumor suppressor genes by pro- 
moter hypermethylation has been shown for multiple genes 
in bladder cancer. Christoph et al. evaluated the methyla- 
tion status of 110 bladder cancer patients for four TP53 
target genes: APAF/, CASP8, DAPK1 , and IGFBP3 2! The 
investigators found that the methylation levels of two tumor 
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suppressor genes, APAF/ and IGFBP3, were able to sepa- 
rate tumors with high recurrence risk from low risk tumors, 
not only for pTa and pT1, but also for muscle-invasive 
urothelial carcinomas.’ 

Histone modifications are linked to DNA replication, 
transcription, and repair. The phosphorylation of histone 
H2AX at serine 139 (y-H2AX) is associated with DNA 
breaks. Cheung et al. studied the expression of y-H2AX 
using a polyclonal antibody directed against the aberrant 
protein.®! A retrospective assessment of 60 patients with 
bladder cancer using this antibody found that recurrence 
was more likely to develop in y-H2AX-negative than in 
y-H2AX-positive cases. These results indicate epigenetic 
alterations may have an important role in the mechanism 
of bladder tumor recurrence.®! 


Other Genomic Alterations as Predictors 
of Tumor Recurrence 


Microsatellite markers and chromosomal deletions are also 
promising for bladder cancer screening, diagnosing, and 
possibly predicting recurrence. Such irreversible DNA 
alterations have been called genomic signatures. Previous 
studies have shown that microsatellite analysis can be 
helpful in the screening and diagnosis of bladder urothelial 
tumors.°-° However, results regarding the prediction of 
recurrence, progression, and survival with microsatellite 
analysis in urothelial carcinomas are conflicting and 
unresolved. Invasive bladder cancer commonly shows 
losses of chromosomes 2q, 5q, 8p, 9p, 9q, 10q, 11p, 
18q, and Y.45:1416.22,23,54,65-77 LOH at 9p21 significantly 
correlates with reduced recurrence-free interval. A low 
9p21 index (mean 9p signal per cell <0.9) appears to 
indicate a significantly lower recurrence-free survival.’ 

Edwards et al. conducted a study of 109 primary and 
recurrent bladder cancers from 47 patients to explore 
genetic alterations of three loci (INK4A at 9p21, DBCI 
at 9q32-33, and TSCI at 9q34) on chromosome 9 as 
predictors of recurrence.’? The risk of recurrence was 
significantly higher in patients with deleted 9q34 than in 
those who retained the 9q34 region.” 

LOH at 9p and 9q34 has also been reported by other 
researchers in bladder cancer for selecting a subset of 
patients with a high risk of recurrence.8°8! Simoneau 
et al. studied 139 Ta or T1 bladder tumors for LOH at 28 
chromosome 9 microsatellite loci.8! LOH at one or more 
loci was detected in 67 (48%) of the 139 tumors. Followup 
of 163 patients for eight years demonstrated that any 
LOH on chromosome 9 was associated with an elevated 
risk of recurrence. However, four regions were associated 
with a particularly high risk of recurrence. Tumors with 
deletions in 9ptr—p22, 9q22.3, 9q33, and 9q34 had earlier 


recurrence than those without deletions.*! This finding is 
not surprising, since deletion of a chromosome 9 allele is 
an early event in urothelial transformation that does not 
distinguish the two tumorigenesis pathways.!! 

Fornari et al. analyzed LOH of 13 microsatellite loci 
on 10 different chromosomal arms from 59 patients with 
recurrent bladder cancer and 25 patients with no history 
of recurrence at the time of the study.8? The median fol- 
lowup period was 23 months for the 59 patients and 25 
months for the 25 patients.8* The authors found that LOH 
at 11p is associated with tumor recurrence in patients with 
noninvasive urothelial carcinoma. Other investigators have 
confirmed that LOH of D11S490 or D17S928 is associated 
with bladder cancer recurrence.®? 

Numerical and structural alterations of chromosomes are 
common in urothelial carcinoma. However, it is difficult to 
ascertain whether a given aberration is the cause or the 
consequence of urothelial carcinogenesis. It is also unclear 
whether certain alterations are associated with a specific 
urothelial tumorigenesis pathway, or whether chromosomal 
alterations in general predict clinical outcome. 

UroVysion, a multitarget fluorescence in situ hybridiza- 
tion (FISH) test, detects numerical alterations of chromo- 
somes 3, 7, and 17, and deletion of 9p21 (see Chapter 
32 for further discussion).+!773°*7> Gofrit et al. studied 64 
patients with non-muscle-invasive bladder cancer to eval- 
uate whether UroVysion could predict tumor recurrence.®? 
All the patients were followed for at least 6 months after 
their initial UroVysion testing. Abnormal UroVysion results 
were observed in 40 patients (62.5%). After a median fol- 
lowup of 13.5 months, 21 patients (33%) developed tumor 
recurrence (Ta in 13 patients, T1 in five patients, and Tis 
in three patients). Recurrent tumors developed in 45% of 
the patients with abnormal UroVysion test compared with 
12.5% of the patients with a normal result. An abnormal 
UroVysion test result preceded the diagnosis of tumor recur- 
rence in 18/21 (86%) cases, including all high grade tumor 
recurrences.*? Most FISH-positive patients who develop 
recurrent urothelial carcinoma will do so within one year.*+ 


Serum Markers to Predict Bladder Cancer 
Recurrence 


Very few studies have explored serum markers as predic- 
tors of tumor recurrence. Serum markers associated with 
bladder cancer recurrence would be useful to assess recur- 
rence risk and to monitor the patient for tumor recurrence. 
Zhao et al. used an enzyme-linked immunosorbent assay 
(ELISA) to compare plasma levels of angiogenin in 209 
patients with bladder carcinoma and in 208 healthy control 
participants who were matched according to age, gender, 
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and ethnicity.®° Patients who had recurrent bladder can- 
cer had significantly higher plasma angiogenin levels than 
those who were without recurrence. Elevated plasma level 
of angiogenin may serve as an indicator of the risk of blad- 
der carcinoma.* 


Implications of Field Effect and Cancer 
Stem Cells in the Recurrence of Bladder 
Cancer 


Human urothelial carcinoma appears to arise from a field 
change that affects the entire urothelial cell population 
(see also Chapter 34).°?-*4 Evidence of field canceriza- 
tion comes from studies of multifocal bladder tumors, 
colocalized phenotypically distinct bladder cancers, and 
bladder precursor lesions. Cancer is formed through clonal 
expansion of one or few cancer stem cells (CSCs). Each 
CSC and its lineage possesses a particular set of genetic, 
epigenetic, and phenotypic biological features.*”8*’ Jones 
et al. examined 58 tumors from 21 patients who underwent 
surgical excision for multifocal urothelial carcinoma.>* 
All patients had two to four separate foci of urothelial 
carcinoma in the urinary tract. LOH assays for three 
polymorphic microsatellite markers on chromosomes 9p21 
and 17p13, and X chromosome inactivation analyses on 
urothelial tumors from the 11 female patients showed 
concordance in only three patients. The results suggest 
that each of the coexisting tumors of multifocal urothelial 
carcinoma has a unique clonal signature. Each tumor 
arises independently from a transformed progenitor cell 
distributed by carcinogenic influences throughout the 
affected field.*+ According to this “field effect” theory 
for urothelial carcinogenesis,™* transforming factors affect 
a large area and induce CSCs distributed throughout 
the field. 

The modern cancer model hypothesis is based on the 
observation that only a minority of cells can form new 
tumors. Cancer is formed through clonal expansion of one 
or a few CSCs.'+88-°9 Each CSC and its lineage possess 
a unique set of genetic, epigenetic, and phenotypic bio- 
logical features.>7°°87 The recurrence of a bladder cancer 
may originate from the CSCs remaining in the shared field 
after the primary cancer was surgically removed. Evidence 
suggests that CSCs may play a key role in the initiation, 
recurrence, and progression of bladder cancer. 

Urothelial cancer recurrence occurs in many cases 
after the tumor has been eradicated by surgical removal, 
chemotherapy, or radiation. Relapse may now be attributed 
to incomplete CSC elimination in the shared field outside 
the primary tumor.?! Recent developments indicate that 
most current therapies eliminate differentiated cells, which 


617 


Molecular Determinants of Tumor Recurrence 


are more sensitive to therapy than are CSCs.°”° Prolifer- 
ation and clonal expansion of fugitive CSCs results in the 
establishment of new neoplasms wherever the surviving 
cells find a favorable niche. 


Marker Validation and Experimental Bias 


The twenty-first century has begun with great effort and 
numerous publications generated through molecular studies. 
However, marker validation and clinically experience are 
required before proposed markers become clinical relevant. 
Publication bias should be ruled out before any prognos- 
tic association is considered established. Dyrskjot et al. 
studied 404 bladder cancers and found an 88-gene progres- 
sion signature, which predicted progression independently 
from standard clinical risk variables.?* A 52-gene stage 
signature correctly classified tumor stage, and a 68-gene 
CIS signature accurately detected CIS in the specimens. 
However, no RNA microarray profile or combination of 
signatures could accurately predict recurrence. This nega- 
tive study result included a 26-gene recurrence predication 
set, which showed changes in patients with medium and 
high recurrence rates.’ Published marker systems must still 
be repeated with large samples at multiple institutions with 
independent data sets. 

At this time, many potential biomarkers for recurrence 
are still investigative and need to be validated as indepen- 
dent predictors of outcome in prospective studies. 


Future Perspective and Molecular Markers 
for Early Detection of Bladder Cancer 


With accumulating molecular knowledge of bladder cancer, 
we are about to bridge the gap between genetic findings and 
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Urinary Cytology 


Overview 


Urinary cytology is useful in the diagnosis of a wide variety 
of benign and malignant diseases of the bladder, urethra, 
ureter, and renal pelvis.' We focus mainly on diagnostic 
cytology of the urothelium with special emphasis on blad- 
der diseases. Urine cytology has important limitations; for 
example, this method is not fully reliable for identifica- 
tion of grade 1 or low grade papillary tumors.*~? However, 
cytology yields good to excellent results in the identifica- 
tion of urothelial carcinoma in situ (CIS) and high grade 
cancer. The diagnostic accuracy of urinary cytology is high 
in patients who are symptomatic or are being followed for 
recurrence after diagnosis and treatment for bladder cancer. 
The major indications and diagnostic categories for urinary 
cytology are presented in Tables 30-1 and 30-2.'!-4? We 
recommend always reporting the presence, amount, and 
preservation of erythrocytes in cytology reports since the 
test is usually ordered because of hematuria. 


Table 30-1 Major Indications for the Use of Urinary 
Cytology 


Diagnosis of carcinoma in situ, high grade carcinomas of the 
bladder 

Evaluation of patients with hematuria and urinary tract 
symptoms 

Monitoring of patients at risk for developing bladder cancer 

Diagnosis and followup of patients with upper urinary tract 
cancers 

Followup and monitoring of patients with a history of 
bladder cancer 

Followup and monitoring of patients following 
augmentation cystoplasty 

Assessing the effectiveness of various treatment regimens for 
bladder cancer 


Types of Specimens 


Most urinary cytology specimens come from voided 
urine, catheterized urine, bladder washing (barbotage),°? 
brushing,“ and neobladder urine from an ileal conduit or 
colonic pouch.*!~* It is critical for interpretation of the 
specimen to have the collection method specified on the 
specimen requisition. 


Normal Components of the Urinary 
Cytology Specimens 


Superficial (Umbrella) Cells 


Regardless of the type of sample and collection technique, 
superficial urothelial cells are a common component of 
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Table 30-2 Major Diagnostic Categories in Urinary 
Cytology 


Nontumor-associated cytology 
Normal cells/negative for malignant cells 
Benign cellular changes (such as inflammatory changes) 
Unsatisfactory (specify the reason) 


Tumor-associated cytology 
Atypical cells present, favor reactive 
Specific type (e.g., lithiasis, chemotherapy, other) 
Nonspecific 
Atypia indeterminate for neoplasia 

Rare single cells and clusters of mildly to moderately 
atypical urothelial cells; this may represent a 
reactive process, but neoplasm should be 
considered; clinical correlation is indicated 

Rare highly atypical urothelial cells, favor a low grade 
neoplasm; a reactive process cannot be excluded; 
repeat study and/or further investigation may be 
indicated 

Severely atypical urothelial cells highly suspicious for 
carcinoma; clinical correlation is recommended 

Malignant cells present 

Malignant cells present, most compatible with 
urothelial carcinoma (specify low grade vs. high 
grade) 

Malignant cells present, most compatible with 
urothelial carcinoma in situ or high grade urothelial 
carcinoma 

Malignant cells present, specify urothelial carcinoma, 
squamous cell carcinoma, adenocarcinoma, small 
cell carcinoma, sarcomatoid carcinoma, and others 

Malignant cells present, not otherwise specified 


the urine sediment. These cells have one or more nuclei 
that are large. The cells measure up to 30 um in diame- 
ter, comparable to superficial squamous cells (Figs. 30-1 to 
30-4). Binucleated cells are common. Such cells are often 
larger than the mononucleated superficial cells, and their 
nuclei are somewhat smaller. Large multinucleated superfi- 
cial cells may be the most striking component of the urinary 
sediment, particularly in washings or brushing specimens 
from patients with partial bladder outlet obstruction. Mult- 
inucleated superficial cells are particularly large, and may 
be mistaken for giant cells. A common pitfall in diagnosis 
is misinterpreting large superficial cells as macrophages or 
tumor cells. The DNA content may be twice that of nor- 
mal cells (tetraploid nuclei).44~*° Aneuploidy is a better 
indicator of malignancy.**7~>! 

The chromatinic rim of the nucleus is thick and sharply 
demarcated. The chromatin is finely granular, often with a 
“salt and pepper” appearance and may contain one or more 
prominent chromocenters. The structure of the nucleus is 
better preserved in bladder washings than in voided urine. 
In women, there may be a sex chromatin body (Barr body) 


° 
= y 


Figure 30-1 Superficial cells. 


>>? 


Figure 30-2 Superficial cells. Note the superficial umbrella 
cells with binucleation, fine nuclear chromatin, and 
occasional nucleoli. 


attached to the nuclear membrane. The cytoplasm of these 
cells is usually cyanophilic, often finely granular, and some- 
times vacuolated. 


Cells from the Deeper Layers of the Urothelium 


Epithelial cells smaller than the superficial cells are derived 
from the deeper layers of the urothelium (Fig. 30-5). These 
cells often exfoliate in clusters, particularly if the specimen 
was obtained with an instrument. Single small urothelial 
cells are observed in voided urine, usually in the presence 
of inflammation and destruction of the superficial cell layer. 
The clusters of urothelial cells may be tightly packed and 
assume a spherical “papillary” configuration with sharp bor- 
ders. When numerous such clusters are present, they may 
indicate low grade papillary carcinoma, especially when the 
background is bloody.°?>? When the deep cells are removed 
by an instrument, they often appear in loose clusters. These 
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Figure 30-3 Superficial cells. 


Figure 30-4 Superficial and intermediate cells (in the center) 
admixed with squamous cells. 


Figure 30-5 Basal cells. 


Urinary Cytology 


cells are polygonal or elongate, sometimes columnar, and 
usually display cytoplasmic extensions in contact with other 
cells. Since only superficial cells exfoliate spontaneously, 
it may be significant to observe many of these clusters in 
voided urine without bladder instrumentation. The amount 
of basophilic cytoplasm in such cells depends on the depth 
of origin and is more abundant in cells derived from super- 
ficial layers. Single cells resemble parabasal squamous cells 
in size and configuration. These cells are often spherical, 
particularly in voided urine, but may also show cytoplas- 
mic extensions. The nuclei of the smaller urothelial cells 
are approximately the same size, measuring about 5 um in 
diameter. These nuclei, usually finely granular and benign- 
appearing, contain one or rarely two small chromocenters. 
In voided urine, the nuclei may be pale, opaque, or occa- 
sionally somewhat darker. Therefore, clustering of cells 
with high nuclear-to-cytoplasmic ratio may be the only indi- 
cation in voided urine that intermediate urothelial cells have 
been shed. 


Mucus-containing Epithelial Cells 


Occasionally, urine cytology specimens contain mucus- 
secreting columnar epithelial cells with peripheral nuclei 
and distended clear cytoplasm. These cells may be ciliated. 
Such cells derive from cystitis cystica or cystitis glandu- 
laris. However, since clear cell prostate carcinoma and 
prostate cancer may also appear as vacuolated columnar 
cells, it may be advisable to cystoscope patients with 
persistent findings of this type in voided specimens. 


Squamous Cells 


Squamous cells of varying size and different degrees of 
maturation are common in urine sediment, particularly in 


Figure 30-6 Squamous cells with small pyknotic nuclei, 
uniform “glassy” cytoplasm, polygonal shape, and frequent 
folded edges. 
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voided specimens from women (Fig. 30-6). Such cells 
are more abundant in specimens from female patients 
than those from male patients but less frequent when 
care is taken to separate the labia minora and retract the 
foreskin during collection. In women, these cells originate 
in the squamous epithelium of the vulva and urethra, or in 
the trigone of the urinary bladder, and are usually glyco- 
genated. Voided urine sediment may also contain squamous 
cells derived from the vulva, vagina, or uterine cervix. 
In men, the origin of the squamous cells is the terminal 
portion of the urethra or, in rare cases, vaginal-type squa- 
mous metaplasia. Among the benign squamous cells, there 
may be superficial cells, intermediate cells, and smaller 
parabasal cells. Navicular cells are intermediate squamous 
cells with large cytoplasmic glycogen content and periph- 
eral nuclei; these cells often stain yellow with Papanicolaou 
stain. Such cells may be observed during pregnancy, early 
menopause, and sometimes in women or in men receiving 
hormonal therapy (estrogen therapy) for prostate cancer. 
In women, the population of squamous cells in the urinary 
sediment may be used to determine the level of estrogenic 
activity (the so-called “urocytogram”). Squamous cells 
may also be anucleated and fully keratinized. The presence 
of such hyperkeratotic “ghost” cells may be of diagnostic 
significance, representing urethral stricture, leukoplakia or 
squamous cell carcinoma of the bladder.!° 


Other Cellular Components 


Cells derived from renal tubules may sometimes appear 
in the urine sediment. These cells are small and usu- 
ally poorly preserved, with pyknotic, hyperchromatic, 
condensed, spherical nuclei, and granular eosinophilic 
cytoplasm. Occasionally, the tubular cells form small 
clusters or casts. They may be prevalent in urine from 
patients with acute tubular necrosis. The significance 
of tubular cells in urine sediment remains uncertain. In 
patients following kidney transplant, the presence of renal 
tubular cells may indicate rejection of the allograft.*+ 
Occasionally, cells of prostatic and seminal vesicle origin 
may be present in the urinary sediment. Such cells 
accompany spermatozoa and are common after prostate 
massage.>> 

Macrophages are often observed in inflammatory reac- 
tions of the urinary tract. The cells may be mononucleated 
or multinucleated, and contain fine cytoplasmic vacuoles, 
sometimes with phagocytic debris. Erythrocytes are a fre- 
quent component of the urinary sediment, particularly in 
patients with clinical evidence of hematuria.'° When the 
erythrocytes appear as ghost cells or have surface mem- 
brane blebs (acanthocytes), they may indicate bleeding from 
the upper urinary tract. Normal urine sediment contains 
very few lymphocytes or neutrophils. The presence of large 
numbers of such cells may precede clinical evidence of 
inflammation. 
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Figure 30-7 Calcium oxalate crystals. 


Noncellular Components of the Urinary Sediment 


Polygonal transparent crystalline precipitates of urates 
or calcium oxalate may also be seen in voided urine 
(Fig. 30-7). Their presence results from changes in the 
acidity of urine after collection, but has no diagnostic signif- 
icance. Crystals derived from true uric acid are exceedingly 
rare. Other crystals are very rarely of diagnostic value.*° 
Voided urine and occasional specimens obtained by 
instrumentation may contain contaminants and renal casts. 


Inflammatory Lesions 


Bacteria 


A wide variety of bacteria may affect the epithelium of the 
urinary tract. Most are coliforms and other gram-negative 
rods. Cystitis may be acute or chronic. Acute cystitis is 
usually associated with symptoms that rarely require con- 
firmatory tissue biopsy or cytologic examination. In those 
cases in which urine is studied, the sediment may con- 
tain numerous exfoliated umbrella cells, necrotic material, 
and inflammatory cells, with a predominance of neutrophils 
(Fig. 30-8). Marked necrosis and inflammation may also 
occur in the presence of necrotic tumors, particularly high 
grade urothelial carcinoma and squamous cell carcinoma. 
Urine with extensive acute inflammation should be exam- 
ined thoroughly for atypical cells when cultures are nega- 
tive. 

The urinary sediment in chronic cystitis usually contains 
a background of chronic inflammation with macrophages 
and erythrocytes.'° Urothelial cells may be abundant and 
poorly preserved, occasionally forming small clusters. The 
cytoplasm in these cells is granular and vacuolated. When 
the cells degenerate, especially in the presence of blood, 


Figure 30-8 Acute cystitis. Note the presence of numerous 
neutrophils and degenerative cells. 


the cytoplasm contains spherical eosinophilic inclusions of 
no significance. There may be slight nuclear enlargement 
and hyperchromasia, but the contours of the nuclei are reg- 
ular and the chromatin texture is finely granular. There 
may be necrosis of urothelial cells, with nuclear pyknosis 
and marked cytoplasmic vacuolization. In ulcerative cysti- 
tis, large sheets of urothelial cells may be observed. 
Interstitial cystitis, a form of chronic cystitis associated 
with submucosal inflammation, displays nonspecific cyto- 
logic changes.'! Eosinophilic cystitis has a predominance 
of eosinophils, a pattern seen in patients with allergic 
disorders, previous biopsies, or following mitomycin C 
treatment.>’ Granulomatous cystitis may be observed 
in patients with acquired immunodeficiency syndrome 
(AIDS) and those receiving treatment for urothelial 
carcinoma with bacillus Calmette—Guérin (BCG). In such 
patients, the sediment shows inflammatory cells and may 
contain fragments of tubercles in the form of clusters of 
elongate, carrot-shaped epithelioid histiocytes, sometimes 
accompanied by multinucleated Langhans-type giant cells 
and reactive atypia of urothelial cells.°8°? Similar findings 
may occur in patients with tuberculosis of the bladder. 


Fungi 


Fungi occasionally affect the lower urinary tract, partic- 
ularly the urinary bladder, and Candida albicans is the 
most common pathogen (Fig. 30-9). Candida cystitis is 
usually seen in pregnant women, diabetics, and those with 
impaired immunity, such as AIDS patients, those undergo- 
ing chemotherapy for cancer, bone marrow transplant recip- 
ients, and any patient with a chronic indwelling catheter. 
In the urinary sediment, the fungi may appear as yeast 
forms, with small oval bodies, or as pseudohyphae, with 
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Figure 30-9 Candida albicans (A and B). Note the presence 
of pseudohyphae and budding yeast. 


oblong branching nonencapsulated filaments. Other uncom- 
mon fungi include Blastomyces dermatitidis, Aspergillus, 
and Zygomycetes (mucormycosis). A fungus of the species 
Alternaria is a common laboratory contaminant. !! 


Viruses 


Several important viruses cause morphologic changes in the 
urothelial cells, which may be confused with malignancy. 
The dominant feature of viral infections is the formation of 
nuclear and cytoplasmic inclusions (Table 30-3). 

Herpes simplex is an obligate intracellular virus, and 
florid infection with permissive replication of the virus 
causes abnormalities in urothelial cells that are readily rec- 
ognized (Fig. 30-10). In the early stages of viral replication, 
the nuclei of infected cells appear hazy with a ground glass 
appearance and margination of chromatin. Multinucleation 
with nuclear molding is commonly observed in such cells. 
Multiple nuclei are often densely packed, with nuclear 
molding and tightly fitting contoured nuclei. In later stages 


Table 30-3 Characteristic Cytologic Changes Associated 
with Specific Types of Virus 


Cytomegalovirus 
Enlarged cells 
High nuclear-to-cytoplasmic ratio 
Basophilic intranuclear inclusion with “owl eye” 
appearance; occasionally small, dark intracytoplasmic 
inclusions 


Herpes simplex virus 
Enlarged, multinucleated cells with “ground glass” 
chromatin 
High nuclear-to-cytoplasmic ratio 
Opaque, structureless chromatin 
Eosinophilic intranuclear inclusion 


Polyomavirus 
Enlarged cells 
High nuclear-to-cytoplasmic ratio 
Opaque, structureless chromatin, chromatinic membrane 
is common 
Nuclei stain with a magenta hue 
Intranuclear inclusion fills almost the entire nuclear area 


Papillomavirus 
Perinuclear clear cytoplasmic zones (koilocytosis) 
Nuclear enlargement and homogeneous hyperchromasia 


Figure 30-10 Herpes simplex virus infection. 


of infection, the viral particles concentrate in the center of 
the nuclei, forming bright eosinophilic inclusions with a 
narrow clear zone or halo at the periphery. Infected cells 
may contain single or multiple nuclei.!!56 Cytomegalovirus 
is a virus usually seen in newborn infants with impaired 
immunity (Fig. 30-11). The infection is also common in 
adults with AIDS. The characteristic changes are readily 
recognized in the urinary sediment, including large cells 
with large basophilic nuclear inclusions surrounded by a 
large peripheral clear zone. There is a distinct outer band 
of condensed nuclear chromatin. 


Polyomavirus infection is widespread, according to 
serologic studies of adults. The latent virus can become 
activated and recognized in voided urine sediment.°-°? 
One form of polyomavirus, the BK virus, plays a major 
role in urine cytology because it produces cell abnor- 
malities that are readily confused with cancer. These 
cells are also known as “decoy cells” because of their 
similarity to dysplastic urothelial cells (Fig. 30-12). 
In permissive infections, the BK virus produces large, 
homogeneous, basophilic nuclear inclusions that occupy 
almost the entire volume of the nuclei. Occasionally, a 
narrow rim of clearing separates the inclusion from the 
chromatinic rim. The infected cells are often enlarged 
and usually contain a single nucleus, but binucleation and 
occasional large multinucleated cells may be seen.” The 
cytologic picture in some cases may be quite dramatic and 
has led to misdiagnosis of carcinoma.’ Another rare form 
of polyomavirus infection of the urine is caused by the 
JC virus, which is associated with progressive multifocal 
leukoencephalopathy. 

More than 120 types of human papillomavirus are 
recognized, and types 6 and 11 are associated with 
condyloma acuminatum. Condylomata may appear in the 
urethra, and invariably induces koilocytosis, which shed 
into voided urine. Urothelial carcinoma may also exhibit a 
low incidence of types 16 and 18 human papillomavirus 
infections.’ 


Trematodes and Other Parasites 


The most important parasitic bladder infection is Schisto- 
soma haematobium (Bilharzia) (see also Chapter 2). There 
are two important cytologic manifestations of infection with 
S. haematobium: recognition of the ova and of the malig- 
nant tumors that may be associated with it.°? The ova are 
elongate structures with a thick transparent capsule and a 
sword-shaped protrusion at the narrow end of the ovum 
known as the terminal spine. Fresh or calcified ova may be 
readily recognized in the urinary sediment. The epizootic 
infectious form of the parasite, known as miracidium, is 
released in human stool and urine, retaining the shape of 
the ovum with its terminal spine. 

Other common intestinal parasites that also affect the 
bladder include Ascaris lumbricoides, Enterobius vermicu- 
laris, and agents of filariasis. 


Reactive Changes in Urinary Cytology 


A variety of conditions may cause reactive changes in the 
urothelium (Table 30-4). Pertinent clinical history is impor- 
tant in assessing urinary cytology specimens. 
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Lithiasis 

About 40% of patients with calculi have abnormal cytologic 
findings in voided urine.** These patients have numerous 
large smooth-bordered clusters of benign urothelial cells 
with an abundance of superficial cells (Fig. 30-13). These 
changes may overlap with the spectrum of findings for low 
grade urothelial carcinoma, but the cells tend to cluster, with 
fewer single cells and finer nuclear chromatin.>? Calculi are 
abrasive to the mucosa of the renal pelvis, ureter, or urinary 
bladder. The resulting cytologic specimens closely resemble 
the effects of instrumentation. Significant atypia of urothe- 
lial cells due to lithiasis is uncommon.!:!! Nonetheless, 
lithiasis remains a major diagnostic pitfall in urinary cytol- 
ogy interpretation and should always be mentioned on the 
urine cytology requisition. 


Drug Effects 


Intravesically administered drugs such as BCG, mitomycin 
C, and thiotepa are commonly used for treatment of blad- 
der tumors and their recurrence. They may induce cell 
enlargement or cytoplasmic vacuolization (Figs. 30-14 and 
30-15). Intravesical chemotherapy contributes to a high rate 
of false-positive results in urine cytology and should be 
documented when the specimen is delivered to the lab.4 
Systemically administered drugs such as the alky- 
lating agents, cyclophosphamide and busulfan, have a 
marked effect on the urothelium, with significant cytologic 
abnormalities (Fig. 30-16). These drugs may induce 
changes that include bizarre abnormal urothelial cells with 
marked nuclear and nucleolar enlargement mimicking 
poorly differentiated carcinoma.'!!7!7? Large doses of 
cyclophosphamide have been shown to induce urothelial 
carcinoma, leiomyosarcoma, and carcinosarcoma./*;/4 


Radiation Therapy Effects 


Radiation therapy typically induces marked cell enlarge- 
ment, with bizarre cell shapes and vacuolation of nuclei 
and cytoplasm. These findings may persist for years after 
treatment (Figs. 30-17 and 30-18).!17576 


Urinary Cytology in Renal Transplant 
Recipients 


The epithelial cells of collecting tubules are well preserved 
in patients following renal transplantation. When they 
appear in urine specimens, collecting tubule cells have 
scant vacuolated cytoplasm with spherical and somewhat 
opaque nuclei. A feature of impending rejection is the 
presence of numerous T lymphocytes and erythrocytes in 
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Table 30-4 Differential Diagnosis of Urothelial Atypia 


i E « Urinary tract conditions 
P all é Urethral catheterization or cystoscopy 
Urinary calculi 
Chronic cystitis and cystitis glandularis 
Cellular changes due to radiation therapy and 
chemotherapy 
Atypical and/or hyperplastic urothelium 
j t Neoplasm (grade 1 urothelial carcinoma, low grade 


& e s urothelial carcinoma) 


Renal parenchymal conditions 
Acute tubular necrosis 
| Papillary necrosis 
Renal infarction 
Acute allograft rejection with ischemic necrosis 


ka 
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Figure 30-11 Cytomegalovirus infection. 


Figure 30-12 Polyomavirus infection (A to D). Note the decoy cells, which may be mistaken for urothelial carcinoma 
in situ. 
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a Figure 30-16 Reactive atypia after cyclophosphamide 


Figure 30-13 Lithiasis. Note the clusters of superficial treatment. 


umbrella cells with smooth contours and cytoplasmic vac- 
uolization. 


-CERAS 


Figure 30-14 Reactive atypia after BCG treatment. 


aa 
= Figure 30-17 Reactive atypia after radiation therapy 


Figure 30-15 Reactive atypia after mitomycin C treatment. (A and B). 
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Figure 30-18 Reactive atypia after radiation therapy 
(A and B). 


Figure 30-19 Reactive changes. Note the clusters of cells 
with elongated cytoplasms, caused by ureteral brushing. 


the urine. The erythrocytes have a thick outer border and 
clear center, suggestive of renal origin. In rejection, tis- 
sue fragments may also be present, including necrotic renal 
tubules and hyaline casts.>* 


Other Benign Conditions 


Partial or complete keratinization of the squamous epithe- 
lium, referred to clinically as leukoplakia, often replaces 
the urothelium, resulting in a cystoscopic gray-white 
appearance of the mucosa. In the urinary sediment, 
anucleated keratinized cells, indicative of hyperkeratosis, 
may be present. When such cells are identified with bright 
orangophilia on Papanicolaou stain, further investiga- 
tion should be undertaken to exclude the possibility of 
squamous cell carcinoma.!®!! Cystitis glandularis may 
shed ciliated and mucus-containing epithelial cells that 
contain peripheral nuclei and clear cytoplasm. Such cells 
may be mistaken for adenocarcinoma. Large numbers of 
macrophages are present in urine samples from patients 
with malakoplakia, and release of such inflammatory cells 
usually occurs after biopsy and is detected in the urine 
stream. The spherical, intracytoplasmic, eosinophilic, or 
calcified Michaelis—Guttmann bodies in the cytoplasm of 
the macrophages are usually readily identified and may 
confirm the diagnosis suspected on biopsy. 

A variety of conditions, such as instrumentation, can also 
be sources of false-positive results (see further discussion 
below) (Fig. 30-19). 


Benign Tumors and Tumor-like Processes 


There are no unique cell changes characteristic of papil- 
loma, inverted papilloma, or nephrogenic adenoma (nephro- 
genic metaplasia). Cytologic findings from these processes 
are, therefore, not specific for an accurate diagnosis of these 
lesions.’”’8 Condyloma acuminatum of the urinary bladder 
is uncommon and may be associated with condyloma of the 
urethra or external genitalia. The characteristic koilocytosis 
is characterized by squamous cells with large hyperchro- 
matic nuclei and prominent perinuclear clear zones or halos. 
These changes result from infections by human papillo- 
mavirus types 6 and 11. The presence of koilocytes in 
voided urine sediment in males often indicates a lesion 
in the bladder or urethra. In women, such cells may also 
indicate contamination from the lower genital tract. Occa- 
sionally, koilocytes may mimic squamous cell carcinoma. 
Endometrial-type glandular cells in urine sediment have 
been reported in women with endometriosis.’? 


Cytologic Diagnosis of Dysplasia 
and Urothelial Carcinoma in Situ 


In cases of dysplasia, the only cytologic finding may be the 
presence of rare atypical urothelial cells.°° It is difficult, 
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Table 30-5 Cellular Features of Reactive Atypia, Carcinoma In Situ, and Urothelial Neoplasia 


Cells 
Arrangement 


Size 
Number 
Cytoplasm 


Nuclear-to-cytoplasmic 


ratio 
Nuclei 
Position 
Size 
Morphology 


Borders 
Chromatin 


Nucleoli 
Background 


Reactive 
Atypia 


Papillary 
aggregates 
Increased 
Variable 
Vacuolated 
Normal/increased 


Noneccentric 
Enlarged 
Uniform within 
aggregates 
Smooth 


Dusty-peripheral 
concentration 


Often large 
Variable 


Carcinoma 
in Situ 


Numerous single 
cells 

Increased 

Variable 

Variable maturation 

Increased 


Noneccentric 

Enlarged 

Syncytia, 
cannibalism 

Marked membrane 
irregularity 

Increased chromatin, 
coarsely granular, 
evenly distributed 

Rare nucleoli 

Clean 


Table 30-6 Criteria for Cytologic Grading of Urothelial Carcinoma 


Morphologic 
Features 


Background 

Cellular arrangement 
Nuclear features 
Nuclear membrane 


Chromatin 


Nucleolus 


Cytoplasmic features 


if not impossible, to specifically recognize cellular changes 
corresponding to dysplasia in cytology specimens.!! There- 
fore, the diagnosis of urothelial dysplasia is rarely made 
based on examination of urine specimens but rare atypical 
cells similar to CIS may alert the cystoscopist to perform 


Carcinoma 
in Situ 
Clean 


Numerous single cells, 
rare fragments 


Syncytia, cannibalism 


Marked membrane 
irregularity 
Increased chromatin, 
coarsely granular, 
evenly distributed 
Rare nucleoli 


Variable maturation 


random biopsies for a flat urothelial lesion. 


Urothelial CIS is characterized by the presence of malig- 
nant cells that are often uniform in size and may be either 


Grade 1 
Carcinoma 


Clean 
Large fragments of 
urothelium 


Slightly enlarged 


Regular, round or 
oval 

Finely granular 
(vesicular) 


Occasional 
micronucleoli 

Cell maturation 
present 


Grade 1 
Carcinoma 


Papillary and loose 
clusters 
Increased, uniform 
Often numerous 
Homogeneous 
Increased 


Eccentric 

Enlarged 

Variable within 
aggregates 

Irregular (notches, 
creases) 

Fine, even 


Small/absent 
Clean 


Grade 2 
Carcinoma 


Clean 

Large fragments of 
urothelium and 
single cells 

Nuclear crowding 
and overlap 

Minimal membrane 
irregularity 

Finely granular, 
evenly distributed 


Variable 
micronucleoli 
Moderate degree of 

maturation 


Grade 2-4 
Urothelial Carcinoma 


Isolated and loose 
clusters 

Increased, pleomorphic 

Variable 

Variable 

Increased 


Eccentric 
Variable 
Variable 


Irregular 


Coarse, uneven 


Variable 
Dirty, tumor diathesis 


Grade 3/4 
Carcinoma 


Dirty, tumor diathesis 
Large fragments and 
numerous single cells 


Syncytia, cannibalism 


Marked membrane 
irregularity 

Increased chromatin, 
coarsely granular, 
unevenly distributed 

Macronucleoli 


Maturation absent, 
squamoid and/or 
glandular features 


small or large (Tables 30-5 and 30-6).7!7672:8!-85 Cells 
shed into the urine from CIS typically exhibit cytologic fea- 
tures of high grade urothelial carcinoma, and consequently, 
CIS is easier to detect by cytology than urothelial dyspla- 
sia. CIS cells are large and often single, with a very high 


nuclear-to-cytoplasmic ratio and a hyperchromatic nucleus 


(Figs. 30-20 to 30-23). Prominent nucleoli, irregular nuclear 
outlines, coarse chromatin, mitotic figures, and glandular 
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Figure 30-21 Urothelial carcinoma in situ. The nuclei of 
malignant cells are four to five times larger than the nuclei of 
normal adjacent urothelial cells. 


or squamous differentiation may also be present in urine 
cytology preparations from patients with CIS. 

Catheterization or washing specimens may include tissue 
fragments rather than single cells, in which overlapping 
nuclei and atypical architectural features are appreciated. 
Demir et al. note that a cell-in-cell or “cell cannibalism” 
phenomenon is particularly common in CIS cases (65%).®° 
To avoid misdiagnosis, pathologists should be aware of the 
histologic variation of CIS lesions (see Chapter 7 for fur- 
ther discussion). 

Since CIS is a noninvasive lesion, the background 
of the specimen is often clean, free of necrotic debris, 
blood, and heavy inflammation. Occasionally, the cells 
are heterogeneous and large, particularly after biopsies. 
When there is prominent inflammation present, it is 


Figure 30-23 Urothelial carcinoma in situ, large cell 
(pleormorphic) variant. 


often prudent not to attempt separation of CIS from 
invasive carcinoma. Microinvasive carcinoma may not be 
recognizable in cytologic samples, particularly when CIS 
is present. CIS may persist after intravesical therapy such 
as BCG, causing difficulty distinguishing therapy changes 
from persistent neoplasia. Cells of persistent or recurrent 
CIS following BCG therapy may have coarse, distinct 
chromatin (Fig. 30-20 and 30-23) rather than opaque, 
smudged and featureless (Fig. 30-14 and 30-15). 

Sensitivity of cytology in detecting CIS varies from 66% 
to 83%.81-84 In a study of 592 bladder washing samples, 
including 50 patients with CIS, the authors found the diag- 
noses of either “suspicious for high grade neoplasia” or 
“consistent with high grade neoplasia” to be 70% sensitive 
and 99% specific for CIS.*! 


Cytologic Diagnosis of Malignancies 


Grade 1 Urothelial Carcinoma 


Urinary cytology is a commonly used noninvasive method 
of bladder cancer surveillance. However, accurate cytologic 
diagnosis of grade 1 urothelial carcinoma is particularly 
problematic. The recently introduced 2004 World Health 
Organization (WHO) grading scheme is also a source of 
confusion for many cytopathologists.'* We have proposed 
a new grading system that incorporates features of both 
the 1973 and 2004 WHO grading systems. The key 
modifications are (1) elimination of papillary urothelial 
neoplasm of low malignant potential (PUNLMP); (2) the 
use of both numerical (grades 1 to 4) and categorical (low 
grade vs. high grade) schemes for easy interpretation; 
and (3) subdividing of 2004 WHO high grade urothelial 
carcinomas into grade 3 and grade 4 carcinomas (see 
Chapter 9 for further discussion) (Fig. 30-24).'4 In 
this proposal, grade 1 (low grade) urothelial carcinoma 
corresponds to PUNLMP in 2004 WHO classification or 
grade 1 in 1973 WHO classification; grade 2 (low grade) 


1973 WHO Current proposal 
Grade 1 q Grade 1 
~ (low grade) 
~ 
~ 
` 
Grade 2 = Grade 2 
~ (low grade) 
~n 
~ 
> 
Grade 3 
(high grade) 
Grade 3 —— 
Grade 4 


(high grade) 
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urothelial carcinoma corresponds to low grade urothelial 
carcinoma defined by the 2004 WHO classification. '* 

In general, papilloma and grade 1 urothelial carcinoma 
cannot be diagnosed reliably by urine cytology, despite 
several investigations of key cytologic findings purported 
to identify these low grade lesions. It is impossible 
in cytology specimens to separate grade 1 urothelial 
carcinoma from papilloma.”®86 The urothelial cell clusters 
often show a papillary configuration and are difficult 
to distinguish from those shed from the normal benign 
urothelium after palpation, instrumentation, or irritation 
by calculi and cystitis.°?>? In voided urine, spontaneously 
shed complex clusters of morphologically benign urothelial 
cells may be suggestive of a papillary tumor, provided 
that trauma can be excluded clinically. Diagnostic features 
of grade 1 urothelial carcinoma include the presence of 
tumor fragments with connective tissue stalks or central 
capillary vessels (Tables 30-5 and 30-6) identified on cell 
block sections.8’ Numerous attempts to define the precise 
microscopic features of tumor fragments that separate 
benign urothelial cell clusters from grade 1 urothelial 
carcinoma have met with limited success.*’ Some authors 
found that low grade papillary urothelial tumors shed 


WHO 2004/ISUP 


PUNLMP 


Low grade 


> High grade 


Grade 1 Grade 2 Grade 3 Grade 4 
A L O, o L E LT Current 


PUNLMP Low grade 


High grade 


|. >. 2004 WHO 
Grade 1 Grade 2 Grade 3 
|} 1973 WHO 


B Histologic Spectrum of Urothelial Carcinoma 


Figure 30-24 Comparison of newly proposed grading system with the 1973 and 2004 WHO grading systems. (From Ref. 14; with 


permission.) 


635 


Urinary Cytology 


recognizable cells and clusters in the urinary sediment 
(Figs. 30-25 and 30-26).°* Characteristic features of these 
include increased ratio of nucleus to cytoplasm, enlarged 
and hyperchromatic nuclei, and absence of nucleoli. These 
features are present in 70% of such tumors but may also 
be a consequence of minor trauma.** Consequently, others 
report a correct cytologic diagnosis in only 33% of cases.37 
Nevertheless, such clusters may be a sufficient indication 
for fiberoptic cystoscopy. 

Differentiation of grade 1 urothelial carcinoma from 
instrumentation artifact is suggested by the presence of 
cell clusters with ragged borders in grade 1 urothelial 
carcinoma, unlike the smooth borders, tight cohesiveness, 
and densely stained cytoplasm at the edge of benign cell 
clusters in the case of instrumentation.>* Grade 1 urothelial 
carcinoma can be identified with 45% sensitivity and 98% 
specificity based on the cytologic criteria of an increased 
nuclear-to-cytoplasmic ratio, irregular nuclear borders, 
and cytoplasmic homogeneity. Overall observer accuracy 
was 76%, with a specificity of 82% for a definitive 
negative diagnosis and a sensitivity for a definitive positive 
diagnosis of 96%.’ In another study,* the sensitivity 
of 90% and specificity of 65% for grade 1 urothelial 
carcinoma was based on the absence of inflammation, the 
presence of single and overlapping groups of cells with a 
high nuclear-to-cytoplasmic ratio, hypochromasia, nuclear 
grooves and notches, and small nucleoli. Despite these 
findings, grade 1 urothelial carcinoma is a major source of 
false-negative results in urine cytology.* 

Ancillary techniques (see Chapters 29 to 34 for further 
discussion) may be valuable for separating benign and neo- 
plastic urothelial cells, including DNA ploidy analysis,®* 
immunohistochemical markers,®? and numeric chromoso- 
mal abnormalities detected by fluorescent in situ hybridiza- 
tion (FISH).° Digital image analysis may be superior to 
bladder wash cytology for prediction of tumor recurrence.”! 


Grade 2 (Low Grade) and Grade 3/4 (High Grade) 
Urothelial Carcinoma 


Key diagnostic features are listed in Tables 30-5 and 
30-6. It may be difficult to separate grade 1 from grade 2 
urothelial carcinoma (Figs. 30-27 to 30-29) or grade 3/4 
(high grade) urothelial carcinoma (Figs. 30-30 to 30-35) 
from urothelial CIS (Tables 30-5 and 30-6). Unlike benign 
urothelial cells, these cells have substantial nuclear and 
cytoplasmic abnormalities. The principal value of urine 
cytology is the diagnosis and monitoring of high grade 
tumors that may not be evident cystoscopically, including 
CIS and occult invasive carcinoma.?! 92 

In voided urine, low and high grade urothelial carcinoma 
cells vary in size and shape. The nuclei are enlarged, with 
coarsely granular chromatin, hyperchromasia, abnormal 
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Figure 30-25 Grade 1 (low grade) papillary urothelial 
carcinoma. 


Figure 30-26 Grade 1 (low grade) papillary urothelial 
carcinoma. 


Figure 30-27 Grade 2 (low grade) papillary urothelial 
carcinoma. 


es 
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Figure 30-28 Grade 2 (low grade) papillary urothelial 
carcinoma. 
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Figure 30-29 Grade 2 (low grade) papillary urothelial 
carcinoma. 


Figure 30-30 Grade 3 (high grade) papillary urothelial 
carcinoma. 
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Figure 30-31 Grade 3 (high grade) papillary urothelial 
carcinoma. Note the dirty background. 
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Figure 30-32 Grade 3 (high grade) urothelial carcinoma. 
Note the dirty background. 


Figure 30-33 Grade 4 (high grade) urothelial carcinoma. 
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Figure 30-35 Grade 4 (high grade) urothelial carcinoma (A 
and B). Note the cannibalism (or cytophagocytosis) that is 
typically associated with high grade urothelial carcinoma. 
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Figure 30-36 Squamous cell carcinoma. Note the spindle 
cells with nuclear pleomorphism. 


nuclear contours, and prominent nucleoli. Multinucle- 
ated cancer cells and mitotic figures are often readily 
identified.” 

In bladder washings, urothelial carcinoma may demon- 
strate a lower degree of nuclear hyperchromasia, perhaps 
resulting in more prominent large nucleoli. The cells may 
be poorly preserved, particularly when there is inflamma- 
tion or necrosis. A variety of degenerative changes may be 
seen, including frayed or vacuolated cytoplasm, nonspecific 
eosinophilic cytoplasmic inclusions, and pyknotic nuclei. In 
some high grade papillary tumors, the dominant cytologic 
finding may be the presence of loose groupings of cancer 
cells, with single tumor cells or small groups of two or 
three. Papillary tumors of intermediate grade often present 
a diagnostic challenge.'!°? In some cases, the majority of 
cells with irregular nuclear contours are similar to those in 
grade 1 urothelial carcinoma. Fortunately, in most cases, 
atypical urothelial cells with irregular nuclear contours are 
observed, and these alert the clinician to the need for cys- 
toscopic examination. 

There appears to be good correlation between urine 
cytology and biopsy findings, although the results reported 
vary considerably.2-??7°* Approximately two-thirds of 
cases of grade 1 urothelial carcinoma/PUNLMP are diag- 
nosed as suspicious or malignant. The sensitivity increases 
to 80% for grade 2 and 95% for grade 3 urothelial carci- 
nomas. Urothelial CIS can be diagnosed as suspicious or 
positive in virtually all instances. The overall sensitivity of 
urine cytology for primary carcinoma of the bladder ranges 
from 45% to 97%. In Loh et al.’s report, urine cytology 
predicted 82% of all recurrent tumors in the bladder.?> 
Two major drawbacks of urinary cytology are the high 
rate of false-positive results in patients on intravesical 
chemotherapy and the high rate of false-negative results in 
those with grade 1 or low grade urothelial carcinoma. 
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Figure 30-37 Squamous cell carcinoma. Note the 
keratinized cells with hyperchromatic nuclei and dense 
brightly stained cytoplasm. 


Squamous Cell Carcinoma 


Invasive squamous cell carcinoma is common in Africa 
and the Middle East, particularly in patients infected 
with Schistosoma haematobium. Predominantly squamous 
tumors, on the other hand, are uncommon in developed 
countries, accounting for no more than 3% of bladder 
tumors (see also Chapter 14). Squamous cell carcinoma 
has been observed with increasing frequency in long-term 
survivors with severe spinal cord injury and neurogenic 
bladder. 

Squamous cell carcinoma may display varying degrees 
of differentiation. In well-differentiated invasive squamous 
cell carcinoma, the cytologic findings in voided urine are 
somewhat characteristic (Figs. 30-36 and 30-37). The 
presence of markedly keratinized cells with thick, yellow 
or orange cytoplasm on Papanicolaou stain, and large, 
irregular, often dark pyknotic nuclei are useful. Squamous 
pearls, characterized by cell aggregates arranged concen- 
trically around a core of keratin, may be observed.'! The 
background of the slide often shows evidence of marked 
necrosis, and ghost cells may be present. A mixture of 
cancer cells is observed in the urine of patients with poorly 
differentiated squamous cell carcinoma, including sharply 
demarcated cells with eosinophilic cytoplasm and large 
nuclei.!°!! Most cases are aneuploid.’ 


Adenocarcinoma 


In colonic-type adenocarcinoma of the bladder, the urinary 
sediment contains columnar cancer cells with large, hyper- 
chromatic nuclei and large nucleoli, sometimes in clusters. 
In poorly differentiated mucus-producing carcinoma, the 
cancer cells are small, more spherical or cuboidal in shape, 


and contain large hyperchromatic nuclei, also with promi- 
nent nucleoli. The cytoplasm is usually basophilic, scant, 
and sometimes poorly preserved with “stripped” tumor cell 
nuclei in the specimen. When there are large cytoplasmic 
vacuoles containing mucus, the nuclei may be pushed to 
the periphery of the cell, features diagnostic of signet ring 
cell carcinoma.?””8 

In clear cell adenocarcinoma, the cancer cells are large, 
with abundant finely vacuolated or granular cytoplasm, 
open vesicular nuclei, and prominent nucleoli. Such cells 
usually form round “papillary” clusters.'° Most cases are 
DNA aneuploid.??:! 


Neuroendocrine Carcinoma, Including Small Cell 
Carcinoma 


In small cell carcinoma, the cancer cells are small, about 
four times the size of lymphocytes, and contain compact, 
pyknotic nuclei, with scant basophilic cytoplasm.!0!~!9 
Nucleoli are not visible. The presence of numerous 
small clusters of tightly packed tumor cells with nuclear 
molding may be diagnostically useful.'' The presence 
of cell clusters without prominent nucleoli is helpful in 
differentiating these cells from malignant lymphoma. In 
lymphoma, the cells do not cluster and usually contain at 
least a small nucleolus. The demonstration of neuroen- 
docrine differentiation may require immunohistochemical 
or ultrastructural study. 

Rare cases of carcinoid (low grade neuroendocrine carci- 
noma) and large cell neuroendocrine carcinoma have been 
diagnosed by urine cytology.!*4! 


Other Malignant Tumors 


Urothelial cancer may contain foci with more than one his- 
tologic type, including squamous cell carcinoma, adenocar- 
cinoma, small cell carcinoma, sarcomatoid carcinoma, and 
others (see also Chapters 12 to 17). The cytologic findings 
in such tumors rarely allow the diagnosis of mixed carci- 
noma. Usually, one cytologic pattern is dominant, although 
rarely a mixed population of cancer cells may be observed. 

Other rare cancers that may be diagnosed by cytol- 
ogy include sarcoma, melanoma,!°° lymphoma,!°7 
plasmacytoma,!8 yolk sac tumor, and choriocarcinoma. In 
most cases, urine cytology may not be conclusive, but may 
suggest the correct diagnosis when immunocytochemical 
stains are performed or lead to cystoscopy and diagnostic 
biopsy of malignancy. 


Secondary Tumors 


Occasionally, a metastatic malignant tumor is observed in 
the urinary sediment. The most common metastases arise 
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from adjacent or contiguous organs, including the uterine 
cervix, endometrium, or ovary in women, the prostate 
in men, and the colon in both genders. Urine cytology 
in such cases may show squamous cell carcinoma or 
adenocarcinoma. Clinicopathologic correlation is usually 
required for diagnosis. Rare cases of lymphoma, leukemia, 
and melanoma may be diagnosed from urine samples. 


Cytology of Anatomic Sites Other Than 
Urinary Bladder 


Primary cancer of the urethra not associated with a bladder 
tumor is rare. The most common of such urethral primaries 
are squamous cell carcinoma, adenocarcinoma, and urothe- 
lial carcinoma, although all are rare. Other rare cancers of 
the urethra or upper urinary collecting tract include malig- 
nant melanoma and clear cell adenocarcinoma. Cytologic 
examination of the urethra is commonly used for surveil- 
lance after cystectomy for bladder cancer. These examina- 
tions may reveal CIS or early invasive carcinoma in the 
urethral remant.”! 

Urine cytology is usually diagnostic in urothelial car- 
cinoma of the renal pelvis and ureter, particularly when 
the cancers are high grade. In low grade urothelial malig- 
nancies, the same diagnostic problems are encountered as 
in the bladder.! The cytologist should bear in mind that 
normal superficial and intermediate cells of the upper tract 
urothelium tend to be smaller and have higher nuclear-to- 
cytoplasmic ratio than corresponding cells in the bladder 
when examined in cytologic preparations. 

Urine cytology is generally unsatisfactory for detection 
of renal cell carcinoma. When malignant cells are present 
from large or medullary tumors, they are large cells with 
clear or vacuolated cytoplasm and distinct nucleoli. 

Prostatic adenocarcinoma may yield cells in voided urine 
spontaneously or after prostatic massage, particularly if the 
carcinoma is high grade. The cancer cells in urine sediment 
are usually small, often spherical or columnar. Small cell 
clusters may be observed. The cells usually have basophilic 
cytoplasm and open vesicular nuclei with prominent nucle- 
oli. Prostatic massage is not considered useful for the early 
detection of prostate carcinoma. 


Sources of Diagnostic Pitfalls 


A frequent error in urine cytology is overdiagnosis of 
benign cellular changes as malignant (Table 30-7; see also 
the previous section for discussion). Knowledge of these 
benign changes is fundamental to the practice of cytology. 
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Table 30-7 Major Diagnostic Pitfalls in Lower Urinary Tract 
Cytology 


Underdiagnosis of low grade urothelial carcinoma as benign 

Overdiagnosis of normal and degenerated urothelium as 
malignant 

Overdiagnosis of human polyomavirus infection as 
malignant 

Overdiagnosis of effects of cyclophosphamide as malignant 


Figure 30-38 Reactive changes after instrumentation. This 
ureteral washing specimen shows aggregates and sheets of 
elongated urothelial cells with dense cytoplasm and enlarged 
nuclei; however, the nuclei are relatively uniform. The 
background is clean. 


Trauma or Instrumentation 


The normal urothelium tends to exfoliate when abraded 
or traumatized appearing in the form of tissue fragments 
that are round or oval, commonly as papillary clusters 
(Figs. 30-38 and 30-39). Vigorous palpation, catheteri- 
zation, or any form of instrumentation may result in the 
formation of such epithelial clusters. When present in 
large numbers, these clusters are easily misinterpreted 
as papillary carcinoma although the background often 
shows lubricant and scant blood with this instrumentation 
artifact.3%53-110 Another important source of error is the 
presence of numerous superficial urothelial cells (umbrella 
cells) that may be mistaken for cancer cells because 
of their large nuclei and variable nuclear features.’ 
The nuclear-to-cytoplasmic ratio of these umbrella cells, 
however, is usually low. Simple bladder distension or 
chronic bladder outlet obstruction appears sufficient to 
release these umbrella cells into voided urine. 


Cell Preservation 


Cells in voided urine sediment, particularly in the first 
morning voiding, are often poorly preserved, compounding 
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Figure 30-39 Reactive changes after instrumentation. Cells 
are arranged in papillary aggregate configuration that may be 
mistaken for papillary urothelial carcinoma. 


the diagnostic difficulty. The diagnosis of cancer in voided 
urine should be avoided unless the findings are unequivocal 
and well-preserved tumor cells are present.!! 


Human Polyomavirus 


Polyomavirus forms large intranuclear inclusions that may 
mimic cancer cell nuclei. However, the inclusions are 
homogeneous and lack the coarse granularity of chromatin 
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Evaluation of Hematuria and Urinalysis 


Overview 


Hematuria is the most common symptom of urinary tract 
disease, present in about 21% of the U.S. population, 
including 2% of children.'~!° It is defined as excretion of 
three or more red blood cells per high power field in 10 mL 
to 15 mL of well-mixed freshly voided centrifuged urine, 
preferably documented on up to three separate occasions.” 
Up to 3% of healthy adults excrete small numbers of red 
blood cells (up to two red blood cells per high power 
field or the equivalent of 1000 red blood cells/mL), so 
it is important in such cases to avoid overdiagnosis of 
hematuria. 

Red blood cells in the urine result from trauma or spon- 
taneous response to a multitude of causes or conditions 
throughout the urinary tract. This spontaneous process of 
diapedesis or oozing of red and white blood cells through 
the vessel walls may result from a variety of causes for 
increased vascular permeability. The vessels are usually 
preserved except with glomerular hematuria, in which there 
is damage to the endothelial cells and glomerular basement 
membranes. Hematuria may be occult (not visible by the 
naked eye; usually discovered incidentally during labora- 
tory studies accompanying routine physical examination), 
gross (usually obvious to the patient), or associated with 
blood clots. Gross hematuria often presents as an abnormal 
color ranging from pink to bright red or dark red. As little 
as 1 mL of blood/L creates a noticeable change in the color 
of urine. Hematuria may be asymptomatic or symptomatic 
and transient or persistent. It is often associated with other 
findings, such as proteinuria, hypertension, edema, or other 
physical findings. A through history and physical examina- 
tion should always be performed with attention to family 
history, pain symptoms, and chronic medical conditions. 

Hematuria may occur anywhere along the urinary tract. 
There are many causes, including anatomic abnormalities, 
calculi, medications, urinary tract infection, vigorous 
exercise, foreign bodies, trauma, hemoglobinopathies, 
coagulopathies, glomerulonephritis, benign prostatic 
hyperplasia, and malignancy (Tables 31-1 and 31-2).° 
Only a small percentage of hematuria cases identified by 
screening, however, are ultimately attributable to bladder 
cancer.” It is critical that the source of persistent hematuria 
be identified, according to the Best Practice Policy of 
the American Urologic Association.” There is no “safe” 
level of hematuria, and the patient with persistent painless 
hematuria should undergo urologic workup, including 
urinalysis, urine culture, imaging studies (Fig. 31-1), 
urine chemistry and serum panels, urine cytology, and 
molecular assays (see Chapters 8, 29, 30, 32, 33, and 
34 for further discussion). Cohen et al. recommend that 
patients with nonglomerular hematuria undergo imaging 
and—depending on the presence or absence of detectable 
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lesions—subsequent urine cytology.* For those at high 
risk for bladder cancer, fiberoptic cystoscopy should be 
performed, even in the absence of abnormal cytology or 
imaging studies. Risk factors for bladder cancer that may 
require fiberoptic cystoscopy include smoking, prolonged 
heavy phenacetin use, male gender, greater than 50 years 
of age, Schistosoma exposure, frequent urinary tract 
infections, and exposure to industrial chemicals or dyes. 


Laboratory Investigation 


Routine urinalysis combines macroscopic reagent strip (dip- 
stick) testing with microscopic examination of the sedi- 
ment to detect chemical and structural disorders of the 
urinary tract. Dipstick examination has about 90% sensitiv- 
ity to detect three or more red blood cells or the equivalent 
amount of free hemoglobin or myoglobin.’ The degree of 
hematuria bears no relation to the seriousness of the under- 
lying disease, so hematuria should be considered a symptom 
of serious disease until proven otherwise.’ 

The dipstick test and confirmatory tests for protein, glu- 
cose, and bilirubin are standardized and easy to perform, 
but there is a great deal of inconsistency in the perfor- 
mance of the microscopic examination. Procedures are not 
standardized, and variables include the amount of urine 
examined, the method of processing, the method of evalua- 
tion and reporting, and the technical ability of the individual 
performing the examination. Unfortunately, most abnor- 
mal urinalyses are not pursued clinically, except perhaps 
to obtain repeat of the test, often with progression of treat- 
able disease that could have been prevented.'* One study 
demonstrated 100% sensitivity (17 cases) of hemoglobin 
dipstick for urothelial carcinoma in situ (CIS) (Figs. 31-2 
and 31-3).?! Specificity, however, is much less. 

Microscopic examination is often performed only if the 
dipstick test is abnormal, but this approach should be dis- 
couraged. Exclusive reliance on the dipstick test signifi- 
cantly decreases the sensitivity of urinalysis for detection of 
serious and treatable disease. The combination of dipstick 
and microscopic examination greatly improves detection of 
urinary tract disease, and is recommended. Molecular meth- 
ods, such as the UroVysion fluorescence in situ hybridiza- 
tion (FISH) test, is helpful in detecting malignant urothelial 
cells (Fig. 31-4; see Chapters 29, 32, 33, and 34 for further 
discussion). 


Dysmorphic Red Blood Cells Indicate 
Glomerular Disease 


Red blood cells of glomerular origin are referred to as “dys- 
morphic” (abnormal and misshapen), whereas red blood 
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Table 31-1 Possible Causes of Lower Urinary Tract and Renal Parenchymal Hematuria 


Possible Causes for Lower Tract Bleeding 


Tumors (urethra, bladder, prostate, ureters, renal pelvis) 
Obstructive uropathy 

Benign prostatic hyperplasia 

Lithiasis (stones) 


Infections (cystitis, prostatitis, schistosomiasis, tuberculosis, 
condyloma acuminatum) 


Systemic bleeding disorders or coagulopathy 
Trauma 

Radiation therapy 

Instrumentation 

Vigorous exercise 

Menstrual contamination 


Endometriosis 


cells leaking though vessels in the renal tubules and in 
the lower urinary tract are “isomorphic” (normal size and 
shape, smooth cell membranes, and uniform hemoglobin 
content). There are two defining features of dysmorphic 
red blood cells: each “target” cell should have a clear and 
distinct central inclusion of heme pigment surrounded by 
a clear zone. Other dysmorphic erythrocytes have one or 
several abnormal outpouchings (“blebs”) of the red cell 
membrane caused by osmotic shock as the red blood cell 
travels through the nephron. 

Most investigators agree that the presence of even one 
dysmorphic red blood cell in urine is clinically signifi- 
cant, and some debate on this point persists. The pres- 
ence of dysmorphic red blood cells accompanied by even a 
small amount of protein is especially significant, indicating 
a glomerular source of bleeding. The overall percentage of 
dysmorphism diagnostic of renal hematuria varies between 
experts from 40% to 80%.” 


Possible Causes for Upper Tract (Renal) Bleeding 


Primary glomerulopathies 
IgA nephrology 
Postinfectious glomerulonephritis 
Membranoproliferative glomerulonephritis 
Focal glomerular sclerosis 


Secondary glomerulopathy 
Lupus nephritis 
Henoch-Schénlein syndrome 
Vasculitis (polyarteritis nodosa) 
Wegner granulomatosis 
Hemolytic uremic syndrome 
Essential mixed cryoglobulinemia 
Interstitial nephritis 


Familial conditions 
Hereditary nephritis (Alport syndrome) 
Renal tumors (renal cell carcinoma) 
Vascular disorders (malignant hypertension) 
Sickle cell trait or disease 
Metabolic disorders (hypercalcuria) 
Polycystic kidney 


Infections 
Pyelonephritis (acute or chronic) 
Tuberculosis 
Cytomegalovirus 
BK polyomavirus 


Nephrolithiasis 

Light chain immunoglobulinopathy (multiple myeloma) 
Diabetes mellitus 

Amyloidosis 


Epithelium of the Lower Urinary Tract 
and Kidney 


Urothelium consists of two distinct layers. The larger cells 
form a protective surface layer, usually one cell deep, cov- 
ering the entire urothelial lining. These superficial cells, or 
umbrella cells, have abundant pale or vacuolated cytoplasm 
with a large nucleus, fine chromatin, and a round nucleus. 

Urothelial (intermediate) cells typically have round to 
oval nuclei with moderate, homogeneous, predominately 
basophilic cytoplasm. Fragments of urothelium are com- 
monly found in catheterized specimens as well as bladder 
washes (Fig. 31-5); however, it is abnormal to see urothelial 
fragments in spontaneously voided urine, and their presence 
may be associated with papilloma or low grade urothelial 
cancer. 
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Table 31-2 Selected List of Drugs, Pigments, Diuretics, and Miscellaneous Factors Leading to Hematuria* 


Others 


Drugs and Medications 


Antibiotics 
Penicillin 
Cephalosporin 
Rifampin 
Erythromycin 
Sulfonamides 
Aminoglycosides 
Tetracycline 

NSAIDs 
Acetaminophen 
Acetylsalicylic acid 
Naproxen 
Ibuprofen 
Indomethacin 
Phenylbutazone 
Tolmetin 
Mefenamic acid 
Fenoprofen 

Other drugs 
Captopril 
Cimetidine 
Phenobarbital 
Dilantin 
Interferon 
Lithium 


Pigments 
Rhabdomyolysis (myoglobin) 
Hemoglobin (transfusion reaction) 
Heme pigment (hemolysis) 
Diuretics 
Thiazide 
Furosemide 
Triamterene 
Chlorthalidone 
Other 
Radiocontrast agents 
Cisplatin 


Heavy metals (gold, cadmium, mercury) 


Organic solvents 


*Possible causes of hematuria, including antibiotics, nonsteroidal antiinflammatory drugs (NSAIDs), anticoagulants, diuretics, 
anticancer agents, and pigments. Certain foods (beets) may mimic the presence of hematuria. 


Figure 31-1 Urothelial carcinoma in situ (CIS) visualized by standard white light cystoscopy (left) and fluorescence cystoscopy 
(right). Sharp (red) appearance of CIS lesion under fluorescence cystoscopy (right panel). These CIS lesions as shown may be 
difficult to detect using standard white light cystoscopy (left). Hexaminolevulinate causes photoactive porphyrins to accumulate 
preferentially in rapidly proliferating tumor cells. These porphyrins emit red fluorescence when exposed to blue light. (Photo 
courtesy of Dr. Montironi.) 
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Figure 31-2 Urothelial carcinoma in situ. Figure 31-3 Urothelial carcinoma in situ. 


Figure 31-4 (A) High grade urothelial carcinoma. UroVysion fluorescence in situ hybridization (FISH) analysis of 
urothelial carcinoma (B). Normal urothelial cells have two signals from each probe for CEP3 (red), CEP7 (green), CEP17 
(aqua), and 9p21 (gold). Urothelial cancer cell shows gaining of chromosome 3 (red, seven signals), 7 (green, four 
signals), 17 (aqua, five signals), and chromosome arm 9p21 (gold, five signals.) 
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Figure 31-5 Reactive changes after instrumentation from the 
ureteral washing specimen. Note the sheets of elongated 
urothelial cells with dense cytoplasm and enlarged nuclei. 


Urothelial cells are the most variably sized cells in 
the urinary sediment. They vary from 20 um in diameter 
to the typical “umbrella” cell, whose size may approach 
100 um. Umbrella cells are often multinucleated with 
reactive nuclei. Cells from the basal urothelium are smaller, 
round, and display well-defined thickened cytoplasmic 
membranes. Chromocenters and multiple eosinophilic 
micronucleoli may be present, especially in cases with 
accompanying inflammation or in the reparative process 
after passage of a stone. Occasionally, a large urothe- 
lial fragment displays cytoplasmic vacuoles containing 
neutrophils. Multinucleation, nuclear enlargement, and 
hyperchromasia can be found in inflammatory processes 
within the lower urinary tract as well as in urothelial 
dysplasia and neoplasia, so cytologic atypia should always 
be confirmed by biopsy or cystoscopic mass resection prior 
to instituting any additional therapy. 


Renal Epithelium 


Cells from the convoluted tubular epithelium are the largest 
cells in the nephron, extending from the entrance to Bow- 
man capsule to the beginning of the loop of Henle. These 
cells are rarely seen in normal individuals, but are shed in 
large numbers in cases of renal toxicity and renal ischemia 
caused by shock and a wide variety of drugs, heavy metals, 
immunosuppressants, and other toxins. 

Proximal and distal tubular cells in urine are eas- 
ily identified by their large size (20 um to 60 um in 
diameter), irregular elongate or cigar-like appearance, 
and coarsely granular basophilic cytoplasm. Cytoplasmic 
borders are indistinct and may be ragged or torn. The 
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granular cytoplasm contains large numbers of mitochondria 
ultrastructurally. The nuclei are slightly larger than an 
erythrocyte and may occasionally be double or multiple. 
Interestingly, proximal and distal tubular cells appear 
singly, never in fragments or clusters. These cells are often 
mistaken for small granular casts in unstained bright-field 
microscopy, but when studied carefully, they are seen to 
consist of only a single cell. Proximal and distal renal 
tubular cells slough from their basement membranes and 
can be found in urine as intact preserved cells or as “ghost” 
or necrotic forms, which retain their size and cytoplasmic 
characteristics. 

Renal tubular cells lining the proximal and distal 
loop of Henle are small (12 um to 18 um in diameter). 
Each contains a single slightly eccentric nucleus with 
coarse and evenly distributed chromatin. There may be 
an occasional nucleolus, as these cells may be reactive 
because of metabolic or ischemic stimuli, but they are 
never multinucleated. The cytoplasm is polygonal to 
columnar, finely granular, and uniformly basophilic, with 
distinct borders. Vacuolization may occasionally be seen, 
especially in reactive states. The cells may phagocytize 
cast-like material, crystals, and pigments. 

Collecting duct cells in urine may be seen in very low 
numbers in normal individuals, but are significant when 
found with renal casts and/or as fragments. An abnormal 
number, greater than one per high power field, may be 
found in a wide variety of clinical conditions, including 
shock, trauma, burns, and exposure to toxins. An increased 
number of collecting duct cells in renal transplant patients 
heralds clinical rejection by up to 48 hours. 

Renal epithelial cell fragments in urine indicate a 
severe form of renal tubular injury (“ischemic necrosis”) 
and are exclusively from the collecting duct following 
survival and recovery from shock. This reflects loss of 
blood flow (ischemic injury) to the renal tubules and 
subsequent sloughing of entire segments or portions of 
the renal tubules with regeneration of the lost epithelium. 
This tubular regeneration is a process similar to “repair” 
in cervical smears. There are five types of fragments, 
classified according to morphology: (1) spindle fragments; 
(2) fragments attached to or surrounding cast material; 
(3) pavement or “en face” fragments; (4) fragments with 
reactive cellular or noncellular inclusions [shown are 
cast-like, crystal, or pigmented (bile) inclusions]; and (5) 
cylindrical tube-like fragments. 


Renal Casts in Urine Sediment 


Renal casts are observed in urine sediment from patients 
with glomerular and renal parenchymal diseases. Casts are 
composed of Tamm-—Horsfall protein and originate in the 
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distal tubules and collecting ducts. In normal individuals, 
hyaline and rare granular casts may appear due to dehy- 
dration, fever, exercise, and other factors. Such casts are 
considered physiologic. Conversely, nonphysiologic casts 
made of abnormal urine protein and those that contain cells 
of various types are easily identified. The type of cells con- 
tained within the cast matrix, the width of the cast, and the 
number of casts are indicative of the severity of the underly- 
ing disease. The presence of abnormal amounts of protein, 
blood, leukocytes, nitrites, and bilirubin all correlate with 
the various types of casts. 


Urolithiasis 


About one in 15 people in the industrialized world develops 
kidney stones. All age groups and both genders are affected, 
with an apparent genetic predisposition.” 

Urinary tract calculi are composed of waste products, 
and hematuria commonly occurs during the earliest stages 
of stone formation. They form as the result of increased 
excretion of solutes (calcium oxalate, calcium phosphate, 
magnesium ammonium phosphate, struvite or triple phos- 
phate, uric acid, cystine), abnormal urine pH, stasis, dehy- 
dration, and/or urinary concentration. Once a stone grows 
to a significant size, the patient may experience symptoms 
that range from a dull ache to severe pain often equated 
with the pain of childbirth or abdominal surgery without 
anesthesia. Stones originate as microscopic grains of min- 
eral debris, enlarging to the size of gravel and later to a 
large stone. 

Stones may occur anywhere along the urinary tract, and 
many patients pass stones spontaneously. Large calculi 
require surgical intervention or shockwave extracorporeal 
lithotripsy to create passable fragments. 


Optimal Cytodiagnostic Urinalysis 
of Hematuria 


Optimal cytodiagnostic urinalysis (OCU) includes all of the 
elements of testing to obtain a comprehensive quantitative 
evaluation of the urine sediment and correlative physio- 
chemical assessment (Table 31-3). This method incorpo- 
rates advances in routine urinalysis, including dipstick tests 
and confirmatory tests such as the SSA test for protein, the 
Ictotest for bilirubin, and the Clinitest tablet test for glucose. 
In addition, enhanced cytopreparation improves cell recov- 
ery to maximize microscopic visualization and quantitative 
assessment. Diagnostic interpretation involves correlation 
of both chemical and microscopic findings, informing the 
clinician which chemical and morphologic abnormalities 


Table 31-3 Six Essential Components of Optimal 
Cytodiagnostic Urinalysis 


Patient history 

Physical examination of the urine sample, including color, 
character, and specific gravity 

Chemical examination, consisting of multiparameter 
reagent dipstick testing and confirmatory chemical tests 

Microscopic urine sediment examination using 
standardized sediment recovery and high contrast 
transparent Papanicolaou stain 

Quantitative microscopic examination to identity clinically 
important sediment entities and systematically evaluate 
10 specific morphologic categories: background, 
cellularity, epithelial fragments, inclusion-bearing cells, 
red blood cells, neutrophils, eosinophils, lymphocytes, 
renal tubular cells, and casts 

Diagnostic interpretation, with appropriate 
recommendations, including possible confirmatory 
testing and clinical followup 


Table 31-4 Advantages of Optimal Cytodiagnostic 
Urinalysis 


Improves visualization of urine sediment entities 

Provides for early information on the nature of urinary tract 
disorders 

Allows for cost-effective triaging of patients to appropriate 
specialists (e.g., urologists, nephrologists) 

Provides a noninvasive method of monitoring patients 

Optimizes clinicopathologic correlation of results 

Standardizes sediment results reporting 

Is adaptable to various laboratory sizes and settings 

Requires a minimum of equipment and space 

Is adaptable to automation 

Provides a permanent record of urine sediment findings for 
review and quality control 


are present. OCU also often provides recommendations for 
future testing and possible treatment considerations. OCU 
is superior to routine unstained sediment examination for 
patient management (Table 31-4). 

The clinical utility of OCU is its ability to detect various 
types of mononuclear cells, viral and nonviral inclusions, 
and precancerous and cancerous cells. It is valuable in the 
differential diagnosis and monitoring of renal tubular injury 
for conditions such as acute tubular necrosis, tubulointersti- 
tial inflammation (nephritis), acute renal allograft rejection, 
and primary or secondary renal lesions. OCU can also help 
to discriminate inflammatory, infectious, degenerative, or 
neoplastic conditions of the kidney and the lower urinary 
tract; to evaluate and monitor immunosuppressed patients; 
to screen patients with nephrotoxic or carcinogenic expo- 
sure; and to eliminate the need for renal biopsy in some 
cases.” 
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Table 31-5 Correlation of Optimal Cytodiagnostic Urinalysis with Renal Biopsy Findings 


Lesion 

Location Sensitivity Specificity 
Glomerular 0.95 0.85 
Tubular 0.80 0.89 
Interstitial 0.78 0.87 
Tubulointerstitial (combined) 0.91 0.91 
Vascular 0.50 0.74 


Discrimination of origin of renal cells (glomerular, 
tubular, interstitial, or vascular cells) by OCU has a high 
level of intraobserver and interobserver agreement. The 
interpretation correlates with biopsy findings in 89% 
of native kidneys and 77% of transplant kidneys. The 
sensitivity and specificity for the diagnosis of glomerular 
lesions alone in native and transplant kidneys was 91%, 
and 85%, respectively. Severity scores also showed good 
correlation between OCU and renal biopsy results in 
both native and transplanted kidneys (Table 31-5). The 
severity scores correlated well with increase in creatinine 
concentrations. In cases with biopsy-proven glomerular 
lesions, more severe changes were found by OCU when 
the biopsy showed proliferative glomerular lesions than 
when the biopsy showed only normal glomeruli. OCU has 
an advantage over renal biopsy in that it can be repeated 
as often as necessary without risk to the patient. Repeated 
OCU allows observation of progression or regression of a 
renal disease over time.7+> 

The accuracy of OCU for localizing the origin and eti- 
ology of blood in the urine was studied in 100 consecutive 
patients with occult hematuria.'° Thirteen percent of the 
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Urine-based Biomarkers 


Overview 


Urine cytology is an important tool in the diagnosis and 
management of urothelial malignancy. However, urine 
cytology has a low sensitivity for the detection of bladder 
cancer, and is particularly insensitive for low grade 
tumors; thus, there is a need for superior methods of initial 
diagnosis and, subsequently, for detection of recurrence or 
progression. 

There has been substantial progress in recent years 
exploiting urine specimens to increase sensitivity and 
specificity for detecting urothelial carcinoma. New meth- 
ods provide more accurate information to assist urologists 
in the management of bladder cancer. These efforts have 
been stimulated and supplemented by expansion in our 
understanding of the molecular and genetic alterations 
underlying urothelial carcinoma.'~* Many new biomarkers 
are now available, and some are touted as superior to urine 
cytology for select patient cohorts.4~® One large study 
compared the sensitivity and specificity of commercially 
available tests and determined the predictive value of many 
urine biomarkers (Table 32-1).* 

Proprietary markers include UroVysion, ImmunoCyt, 
BTA (bladder tumor antigen), NMP22 (nuclear matrix pro- 
tein 22), and hemoglobin dipstick. Nonproprietary markers 
include DNA ploidy, proliferation markers, apoptosis 
markers, oncogene markers, gene methylation profiles, 
growth factors, mitogen receptors, cell adhesion mark- 
ers, telomerase activation, cycloxygenase-2 expression, 
vascular endothelial growth factors, multidrug resistance 
proteins, and a wide variety of other markers (see also 
Chapters 29, 33, and 34)57-?3., 

Most studies provide sensitivity and specificity data. 
Low sensitivity indicates numerous false-negative results 
(delayed diagnosis of cancer), and low specificity indicates 
numerous false-positive results (presumptive overdiagnosis 
of cancer, leading to unnecessary investigation such as 
cystoscopy).”* Different studies may not be comparable, 
owing to such issues as patient selection, ascertainment 
bias, limited number of patients, limited length of followup, 
lack of central pathology review, sample variation with 
different techniques, variance in endpoints, and different 
thresholds for test result reporting.” Decision analysis 
models indicate that the use of urine-based cancer markers 
may be cost-effective when alternating with cystoscopy 
and/or cytology.” 

The clinical utility of current cell-based biomarkers in 
human bladder neoplasia, with emphasis on improvement 
over urine cytology to identify bladder cancer (diagnosis) 
and to predict outcome for individual patients (progno- 
sis), is discussed in this chapter. (Table 32-2). Tissue-based 
biomarkers and prognostic factors are discussed in the next 
chapter (Chapter 33). 
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UroVysion Fluorescence in Situ 
Hybridization Test 


Use of the fluorescence in situ hybridization (FISH) assay 
on voided urine specimens (UroVysion, Vysis, Downers 
Grove, Illinois) is a useful adjunct to urinary cytology. 
UroVysion is the first U.S. Food and Drug Administration 
(FDA)-sanctioned FISH test to detect bladder cancer. The 
test was first approved by the FDA in 20017° to monitor 
patients with bladder cancer for tumor recurrence and was 
subsequently approved to assess patients with hematuria 
(gross and microscopic) for bladder cancer.?” UroVysion is 
a multicolor, multitargeted FISH assay using chromosome 
enumeration probes (CEP) for chromosomes 3, 7, and 17, 
and a locus-specific indicator probe for 9p21, which are 
labeled with red, green, aqua, and gold fluorophores, respec- 
tively (Figs. 32-1 and 32-2).!°73-7697 Polysomy of one or 
more of these three chromosomes or deletion of the 9p21 
locus detects common abnormalities in urothelial neoplasia 
(Table 32-3). 

For the UroVysion FISH test, a minimum of 25 mor- 
phologically abnormal cells are analyzed. Morphologically 
abnormal cells are defined by large nuclear size, irregu- 
lar nuclear shape, patchy DAPI staining, and clustering. 
The signal distribution for these abnormal cells showing 
either three or more signals or one or more of the fol- 
lowing (CEP 3 red, CEP 7 green, or CEP 17 aqua) or a 
homozygous loss of 9p21 (i.e., no signals for LSI 9p21 
yellow) is recorded. Analysis continues until either four or 
more cells show gains of multiple chromosomes, or 12 or 
more cells show homozygous loss of 9p21. If no polysomy 
or deletion of 9p21 is found, counting continues until the 
entire sample is analyzed. The total number of chromo- 
somally abnormal cells (i.e., cells with gains of multiple 
chromosomes or homozygous loss of 9p21) is determined 
and results are reported as positive or negative. Results at or 
near the cutoff point (four cells with gains of multiple chro- 
mosomes or 12 cells with homozygous loss of 9p21) should 
be interpreted with caution. The specimen slide should be 
reenumerated by another technician to verify the results. If 
the results are still equivocal, the test should be repeated 
with a fresh specimen slide. 

The UroVysion FISH test markedly improved the 
sensitivity of urine cytology, from 58% to a sensitivity of 
81%, with a specificity of 96%, similar to the specificity 
of cytology (98%). It was superior to the BTA test, 
urine hemoglobin dipstick, and telomerase in comparative 
analyses.7>7° This method can be used successfully on 
destained routinely processed cytology slides.°°°? The 
UroVysion test is very helpful in distinguishing low grade 
papillary urothelial carcinoma from benign conditions such 
as reactive changes from instrumentations (Figs. 32-3 to 
32-5; see Chapters 30 and 31 for further discussion). 


Urine-based Biomarkers 


Table 32-1 Selected Urine Markers Used for Bladder Cancer Detection? 


Markers Sensitivity (Range %) Specificity (Range %) PPV (%) NPV (%) Comments 

Cytology??? 60 (46-76) 83 (67-99) 77 88 Low sensitivity for low 
grade tumors 

SUTTONS ONA 78 (69-87) 81 (66-95) 68 71 High specificity, low 
sensitivity for low grade 
tumors 

bBTA* 7,9 61 (32-89) 66 (50-82) 63 67 Sensitivity depends on 


tumor grade; specificity 
is low in patients with 
benign bladder 
conditions 
PIMP2 22773 2707,202 71 (56-85) 90 (85-94) 57 60 High false-negative rate, 
affected by hematuria 
and intravesical BCG 
treatment 
PimmunoCyt®:7 16,262 57 (29-84) 79 (73-85 72 74 Sensitive to detect low 
grade tumors, low 
sensitivity for recurrence 


WBE%263= 265 70 (36-79) 82 (88-93 52 60 Low sensitivity, not used 
alone 
bEDp2,265,266 67 (41-93) 85 (77-94 26 99 Levels tend to be 


proportional to the tumor 
grade and stage 


Telomerase? 40.267 72 (53-91) 73 (46-99 93 73 Lack of standardized 
sample processing 
CFR AD =e 87 (74-99) 68 (57-78 56 70 False positive may happen 


in urinary stones, 
infection, and 
intravesical BCG 
treatment 

Microsatellite LOH?7!/272 90 (81-91) 88 (79-96) — — High sensitivity in both 
low- and high grade UC; 
persistent leukocyturia 
may affect the results 


Cytokeratin 203%146,273 65 (82-87) 90 (55-70 86 65 Cutoff values yet to be 
defined 
HA-HAase!*6,274 83 (78-83) 78 (78-91 64 91 High sensitivity to detect 


low and high grade and 
stage tumors 

TPS? 65 (50-80) 79 (63-95 — — Correlate with tumor size, 
low sensitivity, and 
specificity for recurrence 
MUC7?75 69 (62-76) 87 (94-96 97 56 Expression affected by 
tumor grade but not by 
tumor volume 


*PPV, positive predictive value; NPV, negative predictive value; NMP22, nuclear matrix protein 22; BTA, bladder tumor antigen; FDP, urinary 
fibrinogen degradation products; UBC, urinary bladder cancer ELISA; CYFRA21-1, cytokeratin—19 fragment ELISA; LOH, loss of heterozygosity; 
HA-HAase, hyaluronic acid and hyaluronidase; TPS, urine tissue-polypeptide-specific antigen; MUC7, mucin 7; BCG, Bacillus Calmette—Guérin; 
UC, urothelial carcinoma. 

U.S. Food and Drug Administration—approved/cleared urine markers. 
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Urine-based Biomarkers 


Table 32-2 Major Indications for the Use of Urine-based 
Biomarkers 


Surveillance and followup of patients with history of 
bladder cancer 

Evaluation of gross/microscopic hematuria 

Reflex test for atypical urinary cytology results 

Assessment of therapeutic responses 

Screening of selected patients at high risk of developing 
bladder cancer 

Detection of urothelial neoplasia in the upper urinary tract 


In a prospective multicenter randomized blinded study 
to evaluate the clinical utility of UroVysion for monitoring 
patients with hematuria, 497 patients were enrolled from 
23 centers. In the 473 (95%) study patients, FISH and 
cytology results were both considered interpretable.?’ All 
patients had gross or microscopic hematuria, and none 


had a prior history of bladder cancer. Bladder cancer was 
diagnosed histologically in 50 patients (10%) and ureteral 
cancer was diagnosed in one. FISH assay detected 69% of 
cases with urothelial cancer and cytology detected 38%. 
When low grade, low stage (TaG1) tumors were excluded, 
FISH detected 25 of 30 cancers (84%), while cytology 
detected only 15 (50%). Based on these data, UroVysion 
was approved by the FDA for use in patients with 
hematuria.” Subsequent studies using UroVysion probes 
have resulted in proposals for the use of this methodology 
in various clinical situations. UroVysion may be helpful for 
followup of known bladder cancer, for further evaluation 
of suspicious urine cytology findings, for post-bacillus 
Calmette—Guérin (BCG) followup, or as a general adjunct 
to urinary cytology. The overall sensitivity of UroVysion 
varies between 69% and 87%, but is significantly lower 
for low grade and low stage tumors.!”!> Schlomer et al. 
studied 108 patients with no history of cancer and 108 
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Figure 32-1 


Detection of urothelial carcinoma by UroVysion fluorescence in situ hybridization analysis. Normal urothelial cells 


(A) show two signals from each probe for CEP3 (red), CEP7 (green), CEP17 (aqua), and 9p21 (gold) (B). Malignant urothelial cells 
(C) demonstrate gaining of chromosomes as indicated by seven red (CEP3), nine green (CEP7), four aqua (CEP17), and loss of 9p21 
as indicated by the absence of yellow signals (9p21). (From Ref. 4; with permission.) 
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Figure 32-2 Urothelial carcinoma in situ (CIS) (A) detected by UroVysion fluorescence in situ hybridization analysis (B1 and B2). 
Normal urothelial cells (B1) show two signals from each probe for CEP3 (red), CEP7 (green), CEP17 (aqua), and 9p21 (gold) (B). CIS 
cells show gaining of chromosome 17 (five aqua) and arm 9p21 (six gold), while chromosomes 3 (red) and 7 (green) show normal 


disomic profiles (two red and two green signals, respectively). 


who underwent cystoscopy for cancer surveillance.!* The 
results showed that UroVysion had a positive predictive 
value of 100% in patients with cystoscopically visible 
lesions. In patients with equivocal cystoscopy and no 
prior cancer history, the positive predictive value was 
100% since there were no false-negative results. Moreover, 
UroVysion detected 100% of cancers in patients with 
negative cystoscopy.!* 

The UroVysion performed extremely well in patients 
receiving BCG intravesical treatment. Test results are in 
agreement with the gold standard of cystoscopy and histol- 
ogy was 92%, indicating that the test results are unaffected 
by BCG treatment.! Thus, FISH assay (UroVysion) com- 
bines the ease of cytology with many of the advantages 
over cystoscopy. It is, therefore, a valuable complemen- 
tary method to cytology for the diagnosis and followup of 
patients with urothelial carcinoma. UroVysion is also useful 
for prediction of tumor recurrence,!*!! for grading,!? and 
for prognostication.!!7 

In a clinical study including 64 patients with biopsy- 
proven bladder carcinoma, positive UroVysion results 
were observed in 40 patients (62.5%). Tumor recurrence 


developed in 45% of the patients with positive UroVysion 
tests, compared with 12.5% of the patients with normal 
assay after a median followup of 13.5 months.!® A positive 
UroVysion predicted tumor recurrence in 18/21 cases 
(86%), including all high grade recurrences. To establish 
independent prognostic factors for superficial bladder 
cancer recurrence, Mian et al. studied 75 urine specimens 
using UroVysion. FISH negative, or 9p21—/CEP3+, cases 
were associated with a low risk of recurrence. On the other 
hand, CEP 7+/17+ tumor cells on the UroVysion study 
were associated with a high risk of recurrence. Nine (33%) 
patients with a low risk pattern recurred after a mean 
followup of 30 months, but 18 (67%) patients with a high 
risk pattern developed recurrence within 18 months. Thus, 
UroVysion patterns may predict the risk of recurrence and 
disease-free survival of such patients.!® 

Bladder cancer is a heterogeneous malignancy with 
divergent clinical manifestations and a wide variety of 
chromosomal aberrations. Houskova studied 128 urine 
samples by UroVysion assay and correlated the result 
with histological grades of the tumors. UroVysion testing 
was positive in 64% of grade 1 tumors, 64% of grade 2 
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Table 32-3 UroVysion Interpretation in Urinary Cytology Specimens? 


Cells with gains (i.e., three or more copies) of two or more of the four probes in the same cell are referred to as “polysomic” 


cells 
Definition of “morphologically abnormal cells” 
Large nuclear size 
Irregular nuclear shape 
“Patchy” DAPI staining 
Cell clusters (do not count overlapping cells in clusters) 
At least 25 well-preserved cells should be evaluated 


Begin with those cells that appear morphologically abnormal. If few morphologically abnormal cells are present, select the 


largest cells or those with the largest nuclei 


If morphologically abnormal cells are not readily apparent, the entire sample should be scanned and nuclei representing the 


most morphologically abnormal cells should be scored first 


Recording the chromosome patterns in morphologically abnormal cells 
Gain (i.e., three or more signals) of two or more of chromosomes 3 (red), 7 (green), or 17 (aqua), or 


Loss of both copies of LSI 9p21 


If surrounding cells show abnormal chromosome patterns, as described above, these cells should be recorded, even if they 


are not morphologically abnormal 


If chromosomes 3, 7, or 17 show the loss of both chromosomes, consider the cell to be uninterpretable due to hybridization 


failure 


Cells with nondiploid counts having at least one signal for each of the four probes but not fitting the criteria specified above 
should be included, along with the diploid cells, in the overall total number of morphologically abnormal cells viewed 
Record the total number of morphologically abnormal cells viewed (diploid and abnormal) 
If, after 25 morphologically abnormal cells have been analyzed, any of the following criteria have been met, stop analysis if: 
> 4 of the 25 cells show gains for two or more chromosomes (3, 7, or 17) in the same cell, or 


> 12 of the 25 cells have zero 9p21 signals 
Otherwise, continue analysis until either 


Four cells with gain for multiple chromosomes have been detected, or 


12 cells with zero 9p21 signals have been detected, or 
The entire sample has been analyzed 


Modified from UroVysion Bladder Cancer Kit package insert. 


tumors, and 92% of grade 3 tumors, indicating that it may 
be useful as a grading tool.'? 

UroVysion is particularly attractive because it is 
an objective, quantitative assessment of urothelial cell 
abnormalities. Diagnosis of urothelial carcinoma in situ 
(CIS) is especially challenging, since lesions are not 
always cystoscopically identifiable, and biopsies are not 
taken from the abnormal urothelium. In the study by 
Gudjonsson et al., UroVysion identified 100% of CIS 
cases (five patients), two of whom were not identified 
by cystoscopy.”? Similarly, Halling et al. found 100% 
sensitivity for 17 cases of CIS, and a statistically sig- 
nificant advantage in sensitivity compared to cytology.” 
Sarosdy and colleagues found 100% sensitivity for CIS 
in seven of seven cases, compared to 33% by urine 
cytology.” Blinded studies of CIS, however, are limited 
in the literature. More extensive investigations of CIS may 
reveal clinical circumstances for which this method is 
particularly useful. For example, applying the UroVysion 
assay to paraffin-embedded biopsy samples, Schwarz and 
colleagues found polysomy of one or more chromosomes 
in 91% of CIS cases (30/33) and deletion of 9p21 in 74% 
(22/31), leading the authors to propose this technique as 
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an aid for resolution of histologically challenging biopsies 
as well as cytologic samples.”® 

In a recent analysis of 1006 consecutive urine specimens 
from 600 patients at the M.D. Anderson Cancer Center, the 
sensitivity for detection of bladder cancer for UroVysion 
and cytology was 58% and 39%, respectively. The speci- 
ficity for detection of bladder cancer for UroVysion and 
cytology was 66% and 84%, respectively.!° 


Bladder Tumor Antigen 


BTA stat is a point of care (qualitative) latex agglutination 
immunoassay using two monoclonal antibodies to detect 
human complement factor H-related protein in the urine. 
Factor H is a soluble glycoprotein regulator of complement 
activation that appears to have an immunoprotective effect 
for tumor cells. These high molecular weight basement 
membrane complexes are produced when cancer cells 
become invasive and cause proteolytic degradation of 
the external lamina supporting urothelium. These com- 
plexes are frequently released into urine when urothelial 
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Figure 32-3 Low grade papillary urothelial carcinoma (A) detected by UroVysion fluorescence in situ hybridization (B) analysis. 
Urothelial cancer cell with malignant UroVysion pattern as indicated by three red (CEP3), four green (CEP7), three aqua (CEP17), 
and three gold signals. 


neoplasms become invasive or remodeled the urothelial 
architecture. BTA stat testing is rapid, easily performed, 
and readily interpretable in a clinician’s office. A recent 
modification of the test (BTA TRAK test) is a quantitative 
standard enzyme-linked immunosorbent assay (ELISA), 
allowing quantitation of immunoenzymatic results giving 
superior sensitivity and specificity over the qualitative 
BTA stat test.?.23/103,104,116-124 Similar to urine cytology, 
both tests have higher sensitivity for detection of high 
grade lesions.°° 

The specificity of the BTA test for monitoring patients 
with a history of urothelial carcinoma varies from 40% to 
70%, significantly greater than 17% to 32% with cytology 
alone. The sensitivity is similar with 90% to 96% for 
cytology and 100% for BTA, respectively.?7>:105.106.116—124 
Interestingly, cytology was more predictive that the BTA 
test in patients with carcinoma in situ, !04:107.129.130 so the 
utility of the BTA test appears to be greatest in followup of 
patients with low grade papillary tumors.®!08-131.132 This 
test is now commonly used as an adjunct to cystoscopy and 
is being investigated as a possible screening test in high-risk 
patients.?!°4 The tests can be falsely positive in patients 
with inflammation, infection, or benign hematuria.! 


Urine-based Biomarkers 


Despite high sensitivity, the use of BTA TRAK and BTA 
stat is limited due to its low specificity.!!°!!! This test 
was a significant improvement over cytology for the 
detection of urothelial carcinoma,!!2:!!3 with sensitivity 
results reportedly twice those of cytology.!!* These high 
sensitivity levels demonstrate the usefulness of BTA in 
the diagnosis and followup of bladder cancer!!4 and have 
suggested a possible prognostic significance.!!> 

The BTA test was useful for detecting both pri- 
mary and recurrent tumors (sensitivity, 90% and 74%, 
respectively),!*° and identified tumors that could not 
be visualized by routine cystoscopy.!2° However, pho- 
todynamic diagnosis with 5-aminolevulinic acid (ALA) 
cystoscopic fluorescence was slightly superior to the BTA 
test for cancer detection.!?’ 

In a multicenter study, BTA detected 82% of primary 
cancers, a sensitivity rate much higher than that of 
cytology (30%).'!78 The BTA test showed sensitivity of 
82% and specificity of 89% for detection of upper urinary 
tract cancer, greater than the usual accuracy of ureteral 
washing cytology and voided urine cytology in this clinical 
setting.!! This test is now often used as an adjunct to 
cystoscopy for bladder cancer, and is being investigated 
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Figure 32-4 UroVysion fluorescence in situ hybridization analysis in a catheterized urine specimen from an 80-year-old male. 
There are numerous cells in papillary aggregate configurations (A). It is difficult to distinguish benign reactive urothelial cells after 
instrumentation from low grade papillary urothelial carcinoma. The normal UroVysion pattern (B) confirms the benign nature of 
these cells. 


as a possible screening test in high risk patients.!°° BTA 
was found useful in identifying patients at high risk for 
recurrence.!2°-!3!_ However, others have found that BTA 
provides “no additional information” beyond that from 
cytology and hematuria anaylsis.!7+ 

In a 2002 study, Halling et al. found 94% sensitivity 
of BTA stat for pT1 to pT4 and pTis lesions, with over- 
all specificity of 78%. Sensitivity of the test improved with 
grade from 50% (grade 1) to 72% (grade 2) and 91% (grade 
3). Schroeder and colleagues found a somewhat lower 
overall sensitivity of 53%.** With regard to urothelial CIS, 
the two cases of primary CIS in Schroeder et al.’s series 
were not identified by BTA stat. Similarly, Sarosdy et al. 
found that BTA demonstrated 50% sensitivity, with greater 
than 70% sensitivity for grade 2 to 3 lesions.”° As a screen- 
ing modality, BTA stat is associated with false-positive 
results that are usually caused by inflammatory conditions 
in the urinary tract. 

Multiple recent reports have found that the sensitivity 
and specificity of BTA were comparable to those of voided 
urine cytology, but the false-positive rate showed that this 
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test would best be used only as an adjunct to cytology 
rather than as an independent screening device.!33=135 Con- 
versely, another study!*° found that the false-positive rate 
was only in 2% of a screened population. False-positive 
rates were higher in cases with gross hematuria,'*” urinary 
tract calculi (90%), positive urine cultures,!?° and prostatic 
hyperplasia (73%).!38 The specificity of BTA was lower 
in patients who received intravesical treatment. The speci- 
ficity was 81%, 71%, and 65% in patients without, with 
past, or with present intravesical treatments, respectively. 
The difference between those with no treatment and present 
instillation treatments was significant (P = 0.023); how- 
ever, the differences between those with no treatment and 
past instillations (P = 0.076) and between those with past 
and present instillations (P = 0.558) were not significant. 
Intravesical treatment appeared to exhibit an adverse effect 
on BTA testing, so the test should not be used in such 
patients. 13° 

For tumor detection, BTA was superior to the NMP22 
test in some reports!?5-140-143 but not in others.'44 BTA 
had a sensitivity of 70% to 89% for detecting bladder 
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Figure 32-5 low grade papillary urothelial carcinoma detected by UroVysion FISH analysis. It is difficult to separate low grade 
papillary urothelial carcinoma from benign reactive urothelial cells (especially after instrumentation) (A). Abnormal chromosomal 


patterns in these cells indicate their malignant nature (B). 


cancer, while NMP22 had a sensitivity of only 67% to 
69%.'* The specificity was also higher for BTA at 71% 
to 79%, compared to 65% to 70% for NMP22.!40.143 
Conversely, Giannopoulos et al. found that NMP22 was 
more specific.'4° BTA stat was less efficient and inferior 
to the hyaluronic acid—hyaluronidase test in a prospective 
study of recurrence in 225 cancer patients over a four-year 
period. Sensitivity and specificity were 74% versus 63% 
and 61% versus 94% for the hyaluronidase test and BTA 
stat, respectively.'*° 


Nuclear Matrix Protein 22 


NMP22 is a nuclear matrix protein usually present in very 
low quantities in the urine of normal individuals, but with 
greatly elevated levels in the urine of patients with bladder 
cancer.*>8! The commercial NMP22 assay is a quantitative 
sandwich ELISA test using two antibodies, recognizing two 
epitopes. It is rapid, easily performed, readily interpretable, 
and available in many clinical laboratories. It is also simple, 
noninvasive, and cost-effective.'47 NMP22 had a sensitivity 


of 71% and a specificity of 90% for urothelial carcinoma in 
patients with microscopic hematuria, greater than respective 
values of 60% and 83% for urine cytology.24!!%!44148,149 
The sensitivity of NMP22 in patients with a history of 
bladder cancer was 59% to 100%.!°9:!5! NMP22 had a sen- 
sitivity to detect malignancy of 100% in invasive disease 
and 70% overall.!52-154 

NMP22 at a cutoff value of 6 units/mL was also 
significantly more sensitive in detecting bladder cancer 
(sensitivity of 83% in pTa cases and 98% in pT1 cases) 
than urine cytology (20% in pTa and 64% in pT1).!>> This 
difference in sensitivity was also found in patients stratified 
according to cancer grade; NMP22 was positive in 86%, 
97%, and 90% of grade 1, grade 2, and grade 3 tumors, 
respectively, while urine cytology was positive in 38%, 
44%, and 80%, respectively.'°° The optimal reference 
range for detecting recurrent cancer was 6.4 units/mL 
in one study, with higher results indicating a greater 
likelihood of recurrence.'>! Other authors used different 
cutoff points for positive and negative tests, limiting 
comparability; Chahal found that the optimum threshold 
was 4.75 U/mL from the receiver operating characteristics 
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curve, with a sensitivity of 42%, specificity of 85%, posi- 
tive predictive value of 39%, and negative predictive value 
of 89%.'°’ Poulakis and colleagues found that the optimal 
cutoff point on the receiver operating characteristics curve 
was 8.25 U/mL. They reported a sensitivity of 85% and 
specificity of 68%, a significantly lower specificity than 
urine cytology (96%).'”* Oge et al. used a cutoff point of 
10 U/mL, and found an overall sensitivity and specificity of 
72% and 73%, respectively.!°® Using the same threshold, 
Friedrich et al. found a sensitivity of 69% and specificity 
of 65% for the detection of cancer, considerably lower 
than the BTA stat test and Lewis X antigen.! Boman 
and colleagues found a “disappointingly low sensitivity” 
(65%) for detection of recurrence for cancers of small size 
and low grade.'4? Chahal and colleagues noted that urinary 
NMP22 was “at best supportive only” as a diagnostic 
marker.!5? However, the sensitivity and specificity of 
NMP22, reported by Grossman et al., were 56% and 85%, 
respectively, compared to 16% and 99% for cytology.” 

The NMP22 test may allow lengthening of the inter- 
val between followup cystoscopies in patients with low 
risk cancer. NMP22 was effective at predicting tumor sta- 
tus at followup cystoscopy.!>?:!>? One study suggested that 
this test may be useful for prescreening cystoscopy.!© Uri- 
nary tract infections and calculi must be excluded, owing to 
interference with the test.!35152-161.162 Pyuria and hematuria 
significantly affect the level of urinary NMP22 and could 
lead to false-positive results,!©? but the majority of those 
followed for bladder cancer correlated with recurrences.!7* 
Prior transurethral resection also lowered the accuracy of 
the test,!°° as did urinary diversion.!® 

A nomogram has been developed to better predict the 
probability of urothelial cancer recurrence and progression 
using the NMP22 test.”? However, the reliability of the 
test is uncertain due to the reported variability in the diag- 
nostic performance of the test at different institutions.°-”! 
Some studies found that the BTA test was more sensitive 
than NMP22,!*°-!41 but NMP22 may be more specific.!* 
However, another report found NMP22 to be superior.'# 


ImmunoCyt 


The ImmunoCyt technique employs three fluorescent- 
tagged monoclonal antibodies against three urothelial 
carcinoma antigens: specifically, two cytoplasmic mucin- 
related proteins (M344 and 19A211), and high molecular 
weight carcinoembryonic antigen (CEA).*°:'® Cells 
showing green fluorescence are positive for bladder 
cancer mucins, while red fluorescent cells are positive for 
glycosylated CEA. 

This urine test had a cumulative 90% specificity and up 
to 96% sensitivity in cancer detection in 1493 cases, and 
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invariably identified all high grade cancers.'® Pfister et al. 
confirmed the high sensitivity of ImmunoCyt testing.!®° 
A multicenter study, however, showed that the overall 
sensitivity of cytology alone, ImmunoCyt alone, and 
the two methods combined was 23%, 81%, and 81%, 
respectively.!°’ The specificity of cytology alone, Immuno- 
Cyt alone, and of the two methods combined, was 93%, 
75%, and 73%, respectively.!°’ Importantly, the immuno- 
cytochemical test could detect 71% of small (less than 1 
cm) tumors.!® Because of its high sensitivity for detecting 
small tumors, even those of low histological grade, and 
its high negative predictive value, this test may have a 
role for decreasing the frequency of cystoscopic exami- 
nations and for monitoring patients with low risk bladder 
cancer.*!73!.168 Tn another study, ImmunoCyt (76%) had a 
sensitivity superior to that of cytology (21%) and UroVy- 
sion (13%).'© The specificity was 63%, 97%, and 90%, 
respectively, for cytology, ImmunoCyt, and UroVysion.!© 

The sensitivity was as high as 100% when ImmunoCyt 
was combined with urine cytology for the detection of CIS. 
The combination of cytology and ImmunoCyt also raised 
the detection of grade 3 cancer from 75% to 94%, and 
the detection of low grade low stage tumors from 50% to 
90%.'7° A Swedish hospital-based study found a sensitivity 
of 100% and a specificity of 69% for recurrence in a con- 
secutive prospective series of histologically proven bladder 
cancers.!7! Conversely, a Dutch study of 104 patients fol- 
lowed for recurrent urothelial carcinoma revealed an area 
under the receiver operating characteristic curve of only up 
to 60%, although this may have resulted from high level 
of interobserver variability.'”* ImmunoCyt showed a speci- 
ficity of 79% for grade 1, 84% for grade 2, and 92% for 
grade 3 tumors.!7 

Schmitz-Drager et al. showed that the combination of 
cystoscopy and ImmunoCyt testing provided 100% sensitiv- 
ity in bladder cancer detection, while combining cystoscopy 
and cytology marginally improved on the sensitivity of cys- 
toscopy alone.*> The major advantage of ImmunoCyt over 
other tests is its sensitivity for detecting both low and high 
grade tumors.!” Lodde et al. reported that the sensitivity of 
testing voided urine from 37 patients was 50% for cytologic 
analysis, 75% for ImmunoCyt, and 87% for both methods 
combined. 15173 

Similar to UroVysion, the ImmunoCyt technique identi- 
fied 100% (five cases) of CIS patients in a study by Messing 
et al. It demonstrated particularly high sensitivity (when 
used in combination with cytology) for CIS or grade 3 
tumors. These two histologic diagnoses were combined in 
the authors’ review of the literature. !° 

The combination of urine cytology and ImmunoCyt sig- 
nificantly increased the detection rate for upper urinary tract 
cancer when compared with cytology alone, thereby provid- 
ing an improvement for clinical management of patients at 
great risk (about 29%) of cancer recurrence. !>-!73 


Urinary Bladder Cancer Antigen 


The urine antigen ELISA test of IDL Biotech (Sollentona, 
Sweden) showed 64% sensitivity (at 73% specificity) for 
bladder cancer in patients with hematuria, lower than 
that observed with BTA stat (78%) and NMP 22 (75%), 
but higher than flow cytometry (61%).!!9 False-positive 
results were observed in seven of 65 samples from patients 
with bladder cancer receiving intravesical BCG, usually 
owing to urinary tract infection.'**!®! A recent report 
found that the combination of urinary bladder cancer and 
DNA/cytokeratin flow cytometry increased sensitivity to 
89%.'°! Using a cutoff point of 1 for urinary bladder 
cancer to provide the same specificity as BTA stat for 
identifying new cancers provided a lower sensitivity for 
urinary bladder cancer (60%) than for BTA stat (75%) or 
NMP22 (65%).!4? 


Hemoglobin Dipstick 


The specificity and sensitivity of hemoglobin dipstick for 
cancer screening and detection of recurrence in voided urine 
samples of patients prior to cystoscopy was 54% to 74% 
and 50% to 51%, respectively, well below that of most 
other commercially available tests.!?!:!4 


Other Urine Biomarkers 


Other markers are also being evaluated for their utility 
in detecting cancer cells in urine sediment, including epi- 
genetic markers,>*-9!74 telomerase,4!7> microRNAs, and 
survivin (see also Chapters 33 and 34).478-176 


Ancillary Studies 


Flow Cytometry/DNA Ploidy Analysis 


Voided urine is generally not adequate for flow cytometry, 
so cell samples for this test must be obtained by vigor- 
ous flushing of the bladder through a soft rubbery catheter 
five to 10 times with saline solution or during cystoscopy 
by lavage (barbotage). Subpopulations of bladder epithelial 
cells can be identified by interactive digital image analysis. 
The diagnosis of cancer is strongly suspected in cases with 
an aneuploid stemline or 16% or more of cells with hyper- 
diploid DNA (greater than 2C DNA content). A specimen 
is less likely to be malignant if no aneuploid stemline is 
detected and if fewer than 11% of the cells are hyperdiploid. 
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If 11% to 16% of the cells measured are hyperdiploid and 
no aneuploid stemline is detected, the samples are consid- 
ered suspicious. Recurrent cancer can be detected by using 
combined urine cytology and image analysis.!77"!78 

DNA ploidy analysis correlates with cancer grade and 
stage in urothelial carcinoma of the bladder and upper uri- 
nary tract, in urinary tract squamous cell carcinoma, and in 
bladder adenocarcinoma. At present, it remains a research 
tool in most laboratories. Most cases of World Health Orga- 
nization (WHO) grade 1 carcinoma are diploid, whereas 
high grade carcinoma (WHO grade 3 carcinoma), includ- 
ing CIS, is usually aneuploid.'7?~!®? low grade carcinoma 
(WHO grade 2 carcinoma) is equally likely to be diploid 
and nondiploid.!84 

Ploidy results were strongly correlated with cancer 
invasion. Diploid cancer was usually confined to the 
lamina propria, whereas muscle-invasive cancer tended to 
be aneuploid.!8!8>.!86 About one-half of aneuploid low 
grade carcinomas were tetraploid, and very few tetraploid 
cancers were deeply invasive, suggesting that tetraploid 
low grade carcinoma was less likely than aneuploid cancer 
to invade the wall of the bladder. Tetraploidy may be 
an intermediate stage in the development of invasive 
aneuploid cancers.!87 CIS with two aneuploid peaks was 
more likely than CIS with a single peak to progress to 
invasive cancer.!88 Adjacent urothelium often shared the 
same DNA ploidy abnormality as cancer,!*®? suggesting that 
aneuploid cancer arises from global aneuploid epithelial 
abnormalities.'* The significance of the S phase fraction 
in the prognosis of bladder cancers is uncertain, although 
two reports found that it was better than DNA ploidy as a 
predictor of progression in patients with cancer treated by 
intravesical chemotherapy.!?”!°! 

DNA ploidy as assessed by flow cytometry increased the 
predictive value of urine cytology for cancer in untreated 
patients,!° although this claim was refuted in another 
study.!'? It was also of value in patients with both low 
and high stage cancer, and after treatment with intravesical 
or systemic chemotherapy. However, since DNA flow 
cytometry requires a large number of cells, it may not 
be as effective for detecting small aneuploid tumors, 
which are usually present in cases of primary urothelial 
CIS.!” DNA content according to computer-based image 
analysis was at least as sensitive as flow cytometry for 
detecting malignant cells, and was superior in hypocellular 
specimens.!°* When combined with cytology, DNA image 
cytometry provided a sensitivity of 68% and specificity 
of 100%.'°° DNA content was predictive of recurrence in 
papillary urothelial carcinoma after controlling for grade 
and stage. !83.196 

DNA ploidy patterns of urothelial carcinoma of the renal 
pelvis and ureter are similar to those in the bladder.'*! 
Patients with an aneuploid cancer have a poorer prognosis 
than those with a diploid cancer. !81-185.186.197 
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Well-differentiated squamous cell carcinoma was 
usually diploid, whereas moderately and poorly differenti- 
ated carcinomas were usually aneuploid.!?? DNA ploidy 
was predictive of survival after radical cystectomy in 
patients with schistosomiasis-associated squamous cell 
carcinoma.!®? Most cases of primary adenocarcinoma of 
the urinary bladder are aneuploid. 


Digital Image Analysis 


Some investigators believe that digital image analysis was 
superior to flow cytometry for DNA ploidy analysis in 
specimens with low cellularity, with sensitivities of 91% 
and 71%, respectively.?°° Furthermore, image analysis was 
superior to cytologic examination for prediction of tumor 
recurrence after normal findings at cystoscopic examina- 
tion, and was equivalent to cytology for detection of high 
grade lesions.”°! Combined cytologic evaluation and dig- 
ital image analysis may be a reliable method of detect- 
ing recurrent bladder cancer in patients with urinary diver- 
sions and can be used to regularly monitor these high-risk 
patients.??? Computer-assisted quantitative morphological 
parameters can be an effective tool to distinguish reac- 
tive renal tubular cells from low grade urothelial carcinoma 
cells in voided urine.’ Among five nuclear morphomet- 
ric parameters, including nuclear area, perimeter, roundness 
factor, maximum length, and linear factor, linear factor 
was most important in differentiating reactive renal tubular 
cells in renal disease from low grade urothelial carcinoma 
cells.?% 

Despite the apparent utility of digital image analysis for 
evaluation of urinary cells and bladder tissues, this method- 
ology is no longer in use in most institutions, owing to the 
high technical complexity and significant labor cost of the 
test. 


Immunohistochemistry and Enzyme-linked 
Immunosorbent Assay 


Numerous protein-based biomarkers have been evaluated 
in urine samples (see also Chapters 33 and 34).4 
Immunostaining with cytokeratin 20 was potentially useful 
in detecting urothelial carcinoma in urine samples.*°* The 
proliferation marker Ki67 and reactivity to the URO series, 
reported by Panosian and colleagues, of monoclonal anti- 
bodies have been detected in urine cytology specimens.” 
Immunostaining against blood group antigens and other 
tumor markers have been investigated for clinical use in 
urinary cytology.2°°-7!° Deletion of A, B, and H blood 
group antigens is associated with biochemical and struc- 
tural changes of glycoprotein and glycolipid components 
of the cell surface during neoplastic transformation. Blood 
group reactivity is decreased in high grade and aggressive 
tumors. Carcinoembryonic antigen immunostaining has 
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been used for evaluation of exfoliated urothelial cancer 
cells. These immunostain-based assays may have potential 
for clinical use in selected cases. 

Urinary concentration of soluble cytokeratin 19 frag- 
ments, measured by the immunoradiometric CYFRA 
21-1 assay, with a cutoff point concentration of 4.9 ug/L 
resulted in a sensitivity of 79% and a specificity of 89%, 
up to threefold greater than the sensitivity for cytology in 
detecting grade 1 carcinoma.?!! However, false-positive 
results were encountered with calculi, infections, and pre- 
vious BCG immunotherapy. Cytokeratin 20 is expressed 
in neoplastic urothelial cells, but apparently not in normal 
urothelium, and mRNA extraction from urine samples of 
patients with bladder cancer revealed a sensitivity of 91% 
and a specificity of 67%.7!* 

Progression marker T138 detected a surface antigen that 
together with the cancer stage, was an independent predictor 
of metastases.!©° The glycosaminoglycan hyaluronic acid 
promotes cell migration and adhesion, and levels in the 
urine, when measured by ELISA, are elevated threefold to 
fivefold in patients with urothelial carcinoma.?"° 


Molecular Genetic Studies 


Remarkable progress has been made in understanding the 
molecular basis of urothelial carcinogenesis.! These sci- 
entific discoveries have been translated successfully into 
clinical practice samples (see also Chapters 29, 31, 33, 
and 34).*°> Molecular analysis of urine samples is becom- 
ing routine practice. A number of molecular platforms have 
been utilized in the analysis of urine samples. FISH is useful 
for investigating numeric chromosomal abnormalities (see 
the earlier discussion of UroVysion FISH).*:!023.24200,214 
FISH revealed abnormalities of chromosomes 8 and 12 in 
83% of 26 bladder tumors of all grades.?®? 

Microsatellite analysis studies have shown that allelic 
imbalances of 2q, 3p, 4p, 5q, 8p, 9p, 9q, 10g, Lip, 13q, 
17p, and 18q (which are known sites of tumor suppressor 
genes) are common in urothelial neoplasms.! 3419-60215 246 
In microsatellite analysis, normal patient cells (buccal 
mucosa or peripheral blood) are compared to urine cytology 
cells. Polymerase chain reaction (PCR) is performed, and 
then electrophoretically separated loci (the predetermined 
most commonly altered loci, such as 3p, 8p, 9p, 11p, 17p, 
and 18q) can delineate if loss of heterozygosity (LOH) 
or microsatellite instability (MSI) is present.46247-252 
However, urinary leukocytes can interfere with the results 
(which would not be useful in patients that have received 
BCG therapy). Squamous epithelium can also interfere 
with results.2!°-7!7 

Other chromosomal imbalances in bladder car- 
cinoma have been found by comparative genomic 
hybridization? -756 or a novel method of detecting 
polymorphic microsatellite markers in urine samples 


Urine-based Biomarkers 


with a high sensitivity for bladder cancer recurrence.”*® 


Allelic deletion fingerprinting using microsatellite primers 
from chromosomes 3, 4, 8, 11, 14, and 17 was positive 
in 88% of tumors, including 69% of incipient tumors 
initially classified as benign by cytology.” Denaturing 
gradient gel electrophoresis of urine DNA samples from 
patients with T1 bladder cancer had 69% sensitivity and 
100% specificity for recurrence.*4? LOH study of 24 
microsatellite markers to detect bladder cancer revealed a 
sensitivity of 96% and a specificity of 100%.7>° 

Microsatellite analysis of urine samples has been 
investigated for the surveillance of bladder cancer patients 
after treatment. van der Aa et al. evaluated 228 patients 
by analyzing 20 microsatellite markers located on 10 
chromosomes.“ Cross-sectional sensitivity and specificity 
of microsatellite analysis for detection of a recurrence 
were 58% (49/84) and 73% (531/731), respectively. 
The two-year risk of developing a recurrence reached 
83% if microsatellite results were persistently positive, 
and declined to 22% when microsatellite analysis was 
persistently negative. The data suggest that microsatellite 
alteration is a strong predictor for tumor recurrences.*° 

In a single nucleotide polymorphism (SNP) analysis 
using HuSNP chips, Hoque et al. found that 31 of 31 
(100%) urine DNA samples from patients with bladder 
tumors had 24 or more SNP DNA alterations, but such 
alterations were not identified in nine normal control 
subjects. Their findings suggest that the HuSNP chip is a 
valuable tool for the detection of bladder cancer.?>’ 

Efforts to develop DNA methylation markers in urine 
sediments for detection of bladder cancer are also under 
way. *-38,90,91,251,258-261 Tn a study of Yu et al. using 
methylation-specific PCR, 59 tumor-associated genes were 
profiled in three bladder cancer cell lines, a small cohort 
of cancer biopsies, and in urine sediments. Twenty-one 
candidate genes were then profiled in urine sediments 
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Tissue-based Biomarkers 


Overview 


Urothelial carcinoma is the fifth most common cancer in 
industrialized countries, accounting for approximately 5% of 
all cancers.':? The associated risk factors for bladder cancer 
include tobacco smoking, aromatic amine exposure, arsenic 
exposure, chronic infection with Schistosoma species, 
radiation therapy, and exposure to alkylating agents.*~> 

Low grade papillary tumors comprise approximately 
80% of bladder tumors. These tumors most commonly 
present as superficial, exophytic, or papillary lesions. Most 
patients (75%) present with pTis, pTa, or pT1 tumors, 20% 
present with pT2 tumors, and 5% present with metastatic 
tumors. It has been suggested that these tumors arise 
from normal urothelium through a urothelial hyperplastic 
change, such as a papilloma, with subsequent angiogenetic 
responses and further growth. Although these tumors have 
a high rate of recurrence, their inherent capacity to become 
invasive is quite low. Most of these tumors are treated by 
intravesical chemotherapy, and the five-year survival rate 
is approximately 90%. Progression has been reported to 
occur in 10% to 20% of cases. Up to 50% of pT! tumors 
may progress. There is an urgent need for biomarkers 
that can distinguish tumor with potential to progress and 
metastasize.’~!4 

In recent years, tremendous advances have been made in 
the discovery of new markers that are associated with alter- 
ations at the molecular level and have clinical relevance in 
the areas of diagnosis, tumor classification, prognosis, and 
prediction of an individual patient’s response to treatment 
(Table 33-1). However, much remains to be learned about 
how these and to other biomarkers can be used efficiently 
to improve the management of bladder cancer (see also 
Chapters 29, 32, and 34). 


Proliferation Markers 


Proliferating cell nuclear antigen (PCNA) is a nonhistone 
nuclear protein that acts as an accessory of DNA poly- 
merase. Its expression is maximal during the S phase and is 
closely linked to the cell cycle. The PCNA labeling index in 
bladder cancer varies from 5% to 92%, and is predictive of 
cancer recurrence,'°~!’ response to radiation therapy,'® and 
survival.! Diploid urothelial cancer with a PCNA labeling 
index below 30% of cells did not recur, whereas aneu- 
ploid cancer with PCNA index greater than 30% usually 
recurred.?” PCNA expression correlated with nuclear mor- 
phometric findings in bladder cancer cells”! as well as Ki67 
results.22 Also, the ratio of apoptosis, seen in 90% of Ta 
and T1 bladder cancers) to PCNA was greater in patients 
without recurrence.” 
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Table 33-1 Select Molecular Markers in Bladder Cancer 


Proliferation markers 
Proliferating cell nuclear antigen (PCNA) 
Ki67/MIB1 
Apoptosis markers 
BEIR 
BAX 
Caspase 3 (CASP3) 
Survivin 
Others 


Tumor suppressor genes, oncogenes, mutator genes, and 


cell cycle regulators 
TESS 
p21 (WAF1/Cip1/CDKN 1A) 
p16 (INK4/CDKN2A/MTS1) 
p15 (INK4B) 
p27 (Kip1) 
Retinoblastoma gene (Rb) 
TSC1 
Fragile histine triad gene (FHIT) 
PTEN 
TP63 
HER2 (ERBB2) 
HRAS 
MDM2 
MYC 
Cyclins D1 and D3 (CCND71 and CCND3) 
Others 
Growth factors and receptors 
Fibroblast growth factor 3 (FGFR3) 
Epidermal growth factor receptor (EGFR) 
Vascular endothelial growth factor (VEGF) 
Acidic fibroblast growth factor 
Basic fibroblast growth factor (bFGF) 
Others 
Cell adhesion markers 
E-cadherin 
Integrins 
CD44 
F and G actin 
Others 
Vessel density 
Microvessel density 
Lymph vessel density 
Telomerase 
Miscellaneous protein markers 
Multidrug resistance proteins 
Cyclooxygenase 2 (COX2) 
Gelsolin 
Autocrine motility factor 
Luminal epithelial antigen (LEA.135) 
Androgen receptor 
Estrogen receptor 
Urokinase-type plasminogen activator factor 
Surface glycoprotein T138 


(continued) 


Table 33-1 (Continued) 


Hyaluronic acid 
Transforming growth factor (TGF) 61 
Glyoxalase system enzymes 
FEZ1/LTS1 tumor suppressor gene 
STK15/BTAK/AuroraA gene product 
Peroxisome proliferator-activated receptor gamma 
Tissue polypeptide-specific antigen 
Thymidylate synthase 
Thymidine phosphorylase (platelet-derived endothelial 
cell growth factor) 
Dihydropyrimidine dehydrogenase 
Matrix metalloproteinase 1 (MMP1) 
Tissue inhibitor of metalloproteinase (TIMP)1 
Proline-directed protein kinase F(A) 
Clusterin 
Osteonectin 
Ku protein 
Caveolin 1 (CAV1) 
Glycolipids and glycosyltransferases GM3 synthase 
Hypoxia inducible factor (HIF) 2 alpha 
S100 calcium-binding protein A4 (S100A4) 
Bladder cancer—associated protein (bc10) 
Cathepsins 
MAGEA4 protein 
Oxygen-regulated protein (ORP150) 
Hepatoma upregulated protein (HURP) 
Others 
Urine-based markers (proprietary commercial markers) 
(see Chapter 32 for further discussion) 
ImmunoCyt 
BTA 
NMP22 
UBC antigen 
Fluorescence in situ hybridization (FISH) and UroVysion 
Hemoglobin dipstick 
DNA ploidy 
See Chapter 32 for further discussion 
Loss of heterozygosity and microsatellite instability 
See Chapters 29 and 34 for further discussion 
Methylation markers 
See Chapter 34 for further discussion 
microRNAs 
See Chapter 34 for further discussion 


Ki67 is a monoclonal antibody that recognizes a human 
nuclear antigen expressed in the S, Gl, G2, and M 
phases of the cell cycle. Ki67 expression, measured as the 
proportion of immunoreactive cell nuclei in frozen tissue 
specimens, correlates with cancer grade and stage.” A 
number of investigators have reported a prognostic role 
for Ki67 index in advanced urothelial carcinoma of the 
urinary bladder.?8-30 Lymph node metastases had Ki67 
expression that was similar to that in the primary cancer.*! 
Also, Ki67 expression is predictive of a recurrence of 


Tissue-based Biomarkers 


urothelial carcinoma,**~*> but not always by multivariate 
analysis.2”© Margulis et al. assessed Ki67 expression 
in 713 urothelial carcinoma patients treated with radical 
cystectomy and bilateral lymphadenectomy at six centers. 
Bladder cancer recurred in 318 (44.6%) of these patients. 
Using a cutoff of >20% of tumor cells Ki67-labeled 
cells, the Ki67 positivity was significantly associated with 
increased probability of disease recurrence.”® 

MIB! is a monoclonal antibody that is the equivalent 
of Ki67 displaying immunoreactivity in formalin-fixed 
paraffin-embedded sections. Its expression is significantly 
associated with p53 expression*’; in a multivariate analysis 
of 62 patients followed for recurrent grade 1 cancer, MIB1 
immunopositivity was the only significance predictor of 
recurrence and cancer-specific survival when compared 
with p53, HER2, and BCL2 expression.** Patients with a 
labeling index greater than 30% had a worse prognosis 
than did those with a lower index.” The labeling index 
was increased with greater depth of muscle invasion.°? 


Apoptosis Markers 


BCL2 is a protooncogene that encodes a mitochondrial 
membrane protein blocking apoptosis without influencing 
cell proliferation. BCL2 immunoreactivity was observed 
in benign and dysplastic urothelium and in up to 80% 
of cases of urothelial carcinoma,*?*! but was negative 
in CIS.7737423 Expression decreased with higher stage 
and higher grade cancer,?’*7*4 although this has been 
disputed.*° Expression did not correlate with prognosis for 
surgically treated patients, regardless of age.*> For those 
treated with curative radiotherapy, BCL2 immunoreactivity 
correlated with recurrence and shortened survival.*° 

Wild type TP53 leads to apoptotic cell death, whereas 
mutant TP53 inhibits apoptotic death, similar to BCL2 (see 
the discussion below). Thus, it is interesting to note that 
BCL2 is expressed more frequently in low grade low stage 
urothelial cancer, whereas mutant TP53 is more frequent 
in high grade and high stage cancer. One possible expla- 
nation is that mutant TP53 prolongs survival of cells with 
established genetic defects, allowing them to become more 
unstable and clinically aggressive; conversely, BCL2 may 
be an early event that prolongs the survival of cells, allow- 
ing them to acquire initial genetic defects without abrogat- 
ing DNA proofreading and repair mechanisms.’ 

Other apoptosis markers include the proapoptosis pro- 
tein, BAX, that appears to be an independent predictor 
of survival*®; however, this marker and two others (FAS 
receptor and caspase 3) did not correlate with apoptotic rate 
of bladder cancer.*7 Most cancers were immunoreactive 
for BAX (52% to 73%) and BCL—XL (81%), but not for 
BCL-XS (29%).40-46 Expression of BCL-XL and BCL-XS 
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correlated with high grade and advanced stage.” Survivin, 
a caspase inhibitor, is another promising biomarker in blad- 
der cancer.*8-~7 


Tumor Suppressor Genes 


TP53 and Cell Cycle Regulators 


TP53 

p53 is a 53-kDa DNA-binding phosphoprotein coded for by 
a tumor suppressor gene located on the short arm of chro- 
mosome 17 (17p13.1) (Table 33-2). It is the gatekeeper 
of the GI/S phase of the cell cycle and acts as a tumor 
suppressor.°* This transcription factor regulates cell growth 
and inhibits cells from entering the S phase. p53 also regu- 
lates antiapoptotic genes such as BAX. Loss or mutation of 
this gene results in unregulated and aberrant growth with 
reduced apoptosis of cells whose proliferation would nor- 
mally be kept under control. 

The half-life of wild type TP53 is estimated to be 
between 20 minutes and 30 minutes, whereas, due to 
decreased degradation, mutant TP53 has a much longer 
half-life, estimated to be approximately 24 hours. Muta- 
tions in TP53 most frequently involve exons 5 to 11. 
Approximately 95% of mutations occur between exons 
5 through 8 in the region of the DNA-binding domain, 
otherwise known as the hot spot region of the TP53 gene. 
Mutations in TP53 are usually missense substitutions 
that cluster in one particular region of the gene product 
between amino acids 130 and 290, involving residues 117 
to 142, 171 to 181, 239 to 258, and 270 to 286. These 
regions are highly conserved among species, and are 
probably necessary for normal TP53 function. The region 
encompassing codons 280 and 285 are a hot spot for TP53 
mutations rich in purines, which seem to be a target for 
chemical carcinogens.>> p53 codon 72 polymorphism and 
homozygosity for arginine at residue 72 was associated 
with increased risk of bladder cancer,°° although this was 
disputed by others.*’ 

Loss of heterozygosity (LOH) of the TP53 locus occurs 
in many human cancers.’ Therefore, TP53 probably con- 
tributes to human carcinogenesis when its normal allele 
is deleted or inactivated. Transforming activity in the het- 
erozygous state may be due to formation of an oligomeric 
complex between mutant and wild type TP53. In cells trans- 
formed with mutant TP53 gene, the altered protein complex 
remains in the cytoplasm and wild type TP53 is degraded. 

Mutated TP53 genes can cooperate with RAS genes to 
transform primary cultured fibroblasts in the presence of 
endogenous wild type p53 protein.” In some cancers, dele- 
tion of chromosome 17 loci occurs concurrently with other 
chromosomal abnormalities, suggesting that TP53 mutation 
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is a late event in carcinogenesis. Cancer cell aneuploidy, 
reflecting chromosomal instability, may play a role in the 
selection of cancer cells with TP53 gene mutations. This 
process could lead to loss of the remaining wild type allele 
and inactivation of the growth control function of the nor- 
mal p53 protein. 

In approximately 50% of bladder tumors, especially 
those in the advanced stages of disease, missense mutations 
in the TP53 tumor suppressor gene are found.°! Mutations 
of TP53 are very common (>50%) in high grade invasive 
tumors and in flat carcinoma in situ (CIS). Therefore, 
tumors with TP53 mutations to have a poorer prognosis 
and a higher recurrence rate than those without the 
mutation. A comparison of the survival of bladder cancer 
patients with wild type TP53 versus those with mutant 
TP53 showed a significant decreased survival time in those 
patients with mutant TP53 (median survival 12 months 
vs. 51 months for wild type 7P53).°%° Not surprisingly, 
tumors with p2/ mutations are also associated with poorer 
prognosis and higher recurrence rates. 

p53 protein can be inactivated by viral proteins such as 
the E6 protein of human papillomavirus (HPV) 16. HPV is 
detected in occasional cases of papillary noninvasive and 
invasive cancer (12% in one study), and the presence of 
HPV correlates with higher stage and grade.°°°-7! TP53 
mutations are rarely observed in patients with HPV-positive 
cancer, suggesting separate etiologic pathways.’” 

Mutations of TP53 or functional inactivation with intact 
TP53 genes are common in many human cancers, caus- 
ing loss of normal growth regulation. Mutations result in 
prolonged half-life and accumulation of the p53 protein to 
a level that makes it detectable immunohistochemically in 
cancer cell nuclei. Overexpression of p53 protein is asso- 
ciated with a poor prognosis in a variety of cancers, and 
appears to precede loss of chromosome 9 in CIS as a pre- 
cursor of invasive bladder cancer.” 

Most antibodies for p53 require antigen retrieval 
procedures when used with deparaffinized formalin-fixed 
sections. Staining results may vary due to differences 
in fixation, specimen pretreatment, and antibody binding 
sites. Immunohistochemical methods rely on the accu- 
mulation of p53 protein in cells with TP53 missense 
mutations. The cause of this is not known with certainty, 
and immunoreactivity is usually but not always indicative 
of TP53 mutation.*! Wild type p53 protein may accumu- 
late in the setting of p53 activation, including hypoxia 
and DNA damage. In addition, not all TP53 missense 
mutations result in protein accumulation and may cause 
false-negative immunohistochemical results. Finally, there 
may be a gradient of TP53 inactivation that varies accord- 
ing to the site and extent of the mutation. Nonetheless, 
there is a strong positive correlation of immunoreactivity 
and TP53 mutations.” Benign urothelium rarely dis- 
plays p53 staining, whereas expression in carcinoma is 
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Table 33-2 Select Mutations in Urothelial Neoplasms 


Frequency in 


Bladder Neoplasms 


Chromosome 
Gene(s) Location 
P16INK4 9p21 >50% 
FGFR3 4p16.3 74% pTa 
Exons 7, 10, 15 21% pT 


16% > pT2] 
>40% overall 


ERBB2 (HER2) 17q23 37-50%, especially >pT2 
RSS 17p13 50% high grade or invasive carcinomas 
Exons 5-8 
MDM2 12q14 4-6% 
EGFR1 7p\2-3—pil2"1 30-50% invasive carcinomas 
HRAS 13q14.1-q14.2 30-40% 
RB1 13q14.1-14.2 >50% high grade urothelial carcinomas 
FHIT 3p 25-60% 
SEREI 8p 25-30% 
PTEN 10q23 >50% 
DBC1 9q32—33 >50% 
PTCH (Gorlin 9q22 >50% 
syndrome) 
TSC1 9q34 12-34% 


observed in 18% to 78% of cases.’>~78 Different cutoff 
points have been used for positive and negative staining, 
including 0% of cells,’?8° 10% of cells,2”:78°! and 20% 
of cells.3”-7>-77-82:83 Intratumoral variance is reflected in 
the heterogeneous expression of staining. In one study, the 
investigators found no difference in expression between 
the central cancer and the invasive front.?! 

The cellular urine sediment may be used for genetic 
analysis of TP53 mutations.8+*° However, comparison of 
TP53 mutations in microdissected cancer correlates poorly 
with mutations observed in urine and blood. Lymph node 
metastases have expression similar to that in the primary 
cancer.>! 

TP53 alterations in urothelial carcinoma may result 
in increased sensitivity to chemotherapeutic agents that 
damage DNA, including doxorubicin and ciplatin.8”°* In 
patients with TP53 mutations, adjuvant chemotherapy 
resulted in a threefold decreased risk of recurrence and a 
2.6-fold increased chance of survival with a median fol- 
lowup of about 9 years.®” Patients without TP53 mutations 
derived no survival advantage with chemotherapy. These 
results suggest that patients at greatest risk of progression 
and death (those with TP53 mutations) may also derive 
the maximum benefit from adjuvant chemotherapy, and 
that TP53 status may identify such patients. Nonetheless, 
the response of tumors with TP53 mutations to various 
therapies, including chemotherapeutic agents, radiation 
therapy, and DNA-damaging agents (including cisplatin 


Mechanism(s) 


Inactivation of CDKN2 leading to 
uncontrolled cell cycle signaling 
pathways 

Activation of RAS-MAPK pathway 


Encodes for receptor protein tyrosine kinase 
Regulation of antiapoptotic genes 


Regulation of protein degradation 
Tyrosine kinase 

Oncogene 

Increased cell proliferation 
Tumor suppressor gene 

Tumor suppressor gene 

Tumor suppressor gene 

Tumor suppressor gene 

Tumor suppressor gene 


Tumor suppressor gene 


and doxorubicin) has been variable in the literature.8?-°? 


TP53 status was not predictive of initial clinical response 
to BCG therapy in T1 cancer treated by transurethral 
resection, regardless of grade.°*4 

In urothelial carcinoma, nuclear p53 
immunoreactivity correlated with high grade, 
high  stage,?79>-97-°9- 102, vascular invasion,” 
recurrence and progression,*>8?6!03-107 decreased 
survival, ’5-82:104,105,108-111 and TP53 mutations, includ- 
ing 17p deletion and 17 polysomy.2737-7583,98.112-114 
Immunoreactivity had independent prognostic significance 
in many reports,’>8082,108.115,116 but this has been dis- 
puted refuted.?7:76-79,96.99.100,106,117-120 Stage T1 bladder 
carcinoma with more than 20% p53 immunoreactive cells 
had a higher progression rate than that of cancer with 
fewer stained cells (21% vs. 3% progression per year, 
respectively).!!> Similarly, CIS with more than 20% p53 
immunoreactive cells had a higher progression rate than 
cases with fewer stained cells (86% vs. 16% per year, 
respectively).’°-!!6!2!-!23 Conversely, one study showed 
that cancer grade and stage were the only independent 
predictive factors for patient survival when p53 and BCL2 
were included in the analysis.”’ 

The predictive value of p53 may be increased when com- 
bined with other factors. p53 immunoreactivity and DNA 
aneuploidy are closely associated, and, when found in com- 
bination, predict a very poor outcome for patients with 


protein 
27,95-99 


cancer 
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invasive cancer!™: conversely, another study found no cor- 


relation of p53 expression and DNA ploidy status. !°! 

About 65% of cases of CIS contain TP53 mutations, !24:!25 
considerably greater than the 28% to 33% of cases of 
atypia and dysplasia.!”° This high frequency of mutations 
is similar to that in invasive urothelial carcinoma, and may 
explain on a genetic basis the great propensity for CIS 
to progress.!*4 Moreover, germline transmission of TP53 
mutations occurs in cancer-prone families, including those 
with Li-Fraumeni syndrome.!?” In one study, TP53 gene 
mutations were present in 11 of 18 invasive bladder can- 
cers, and the most common mutation was single-base-pair 
substitution.'*8 Missense mutations were present in seven 
of 11 cases, and nonsense mutations in three. Mutations 
of TP53 are also detectable in urine sediment!?® and 
may be predictive of progression.'?? In a study of 25 
bladder cancers from 23 patients, the incidence of TP53 
mutations was significantly higher in muscle-invasive than 
nonmuscle-invasive cancer (58% vs. 8%, respectively).!!* 
high grade bladder cancer contains diverse TP53 mutations 
in 36% to 51% of cases.5™!30 These molecular studies 
confirm the immunohistochemical observations of p53 
protein expression in bladder carcinoma. 

The identification of mutations of p27 and p16 genes in 
urothelial carcinoma and other human cancers indicates that 
similar biologic effects can be due to alterations of different 
genes in the TP53 regulatory pathway (see the discussion 
below), 131132 


p21 (WAFI/Cip1/CDKNIA) 

p53 induces TP53-dependent genes. A prototype of this 
class of genes, p27 (WAFI/CipI/CDKNIA), encodes a 
21-kDa protein that inhibits cyclin-dependent kinases 
responsible for initiation of the G1 phase of the cell cycle. 
Tumors with loss of 7P53 function show downregulation 
of p21, which is a downstream target of TP53. Mutations 
in the 7P53 gene result in failure to stimulate p2/, 
with subsequent loss of inhibition of cyclin-dependent 
kinase complexes and initiation of G1.58 The discovery of 
p53-dependent cyclin-dependent kinase inhibitors linked 
this gene to the basic enzyme mechanisms operative in 
cell cycle regulation. 

The p2/ gene is transcriptionally activated by TP53 
and mediates TP53-dependent G1 arrest following DNA 
damage (see TP53, above). Although there was no 
apparent association of TP53 and p2/ expression, p21- 
positive cancers in patients receiving cisplatinum-based 
systemic chemotherapy had greater survival than that 
of p2]-negative cancers (60 months vs. 23 months, 
respectively).!°© Similarly, p27 expression predicted 
cancer-specific survival in patients with muscle-invasive 
cancer treated by radiation therapy.*©!!! The combination 
of p21 and TP53 improved prediction of survival in 
patients with muscle-invasive cancer treated by radiation 
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therapy; those with p2/+7P53+ cancer had the best 
survival, whereas those with p2/—TP53+ had the worst 
prognosis.!*? 


p16 (INK4/CDKN2A/MTS1) 
The p/6 gene, present on chromosome 9, is abnormal in 
up to 60% of cases of squamous cell carcinoma associated 
with schistosomiasis, but only 18% of cases of urothelial 
carcinoma.!34~!36 Moreover, anomalies of pl6 and TP53 
are mutually exclusive, suggesting a complementary role 
in the pathogenesis of bladder cancer.'*° Synchronous 
TP53 and nm23-H1/ detection correlates with poor patient 
survival,!>” although nm23-H1 by itself predicts only 
extent of cancer invasion and recurrence.!*® 

Expression of the protooncogene p/6 was observed in 
40% to 51% of bladder cancers, compared with absence in 
benign urothelium.!*? Decreased expression correlates with 
increasing grade, stage, and poor prognosis,!3%!4° although 
the opposite was also reported by some investigators. 13-14 
A recent study found that p/6 expression is significantly 
higher in muscle-invasive cancer that follows Ta or T1 
primary cancer compared with cancer presenting at first 
diagnosis as muscle invasive.!4” 


p15 (INK4B/CDKN2B) 

The gene encodes a cyclin-dependent kinase inhibitor on 
chromosome 9p21. Messenger RNA (mRNA) expression 
is present in benign urothelium, is decreased in superficial 
cancer, and is heterogeneous in muscle-invasive cancer.!* 


Retinoblastoma Gene 


The retinoblastoma (RB) gene on chromosome 13p14 
encodes a 105-kDa protein that regulates transcription 
in all adult cells (Table 33-2). The normal gene product 
suppresses expression of genes required for cell cycle 
progression. Cyclin and cyclin-dependent kinases inacti- 
vate the RB gene product by phosphorylation. pRB can 
be inactivated by the protein corresponding to the open 
reading frame E6 of HPV16 without mutation of the RB 
gene.'*4 Loss of function of the p/6 gene, which encodes 
the p16 protein, is an upstream enabler of RB, maintaining 
the pRB in its active or hypophosphorylated state. Absence 
of p16 correlates with functional inactivation of the RB 
protein, perhaps accounting for the equal prognosis in 
patients with RBZ absence or overexpression in some 
studies since p/6 deficient cells may be abundant pRB 
that is inactivated by phosphorylation.'* 

Any mutation of the RB gene may lead to decreased inhi- 
bition of the E2F transcription factor family of transcription 
factors, which leads to an increase in cell proliferation. It 
has been found that over 50% of high grade urothelial 
carcinomas have mutations in both TP53 and RB.'46!47 


E2F3 is amplified in approximately 14% of invasive blad- 
der cancers. !48 

pRB is expressed in all human tissues. Mutational 
inactivation of RB gene and reduction of pRB expression 
occurs in retinoblastoma and other cancers.'*? The two 
main alterations of RB in human cancer are deletion 
and mutation. Major deletions of large segments of the 
gene result in the absence of a properly functioning gene 
product.'*? Mutations, including nucleotide substitutions 
that alter gene function, create improper initiation signals, 
more splicing sites, shift stop codons, or make amino 
acid substitutions, or will destabilize transcription, pro- 
duce a truncated gene product or otherwise corrupt the 
mRNA. These changes cause absence of a functional 
pRB protein.'°° RB alterations in bladder cancer usually 
appear to be subtle point mutations rather than major 
deletions. RB gene is one of the major genetic factors 
responsible for development and progression of high grade 
muscle-invasive bladder cancer.'*+ Loss of RB function 
occurs in 30% of high grade papillary and nonpapillary 
urothelial carcinomas. Loss of RB correlates with LOH at 
the RB gene locus, which correlates with high grade tumor 
and muscle invasion. Lymph node metastases have pRB 
expression that is similar to that in the primary cancer.*! 

Altered expression of pRB is associated with decreased 
survival of patients with urothelial carcinoma.!5? Benign 
urothelial mucosa and noninvasive urothelial carcinoma 
have pRB immunoreactivity in most cells.!°! Immunohis- 
tochemical detection of pRB appears to be a useful marker 
of cancer progression, but is not routinely used. 144-152-153 
Allelic deletions for RB and LMYC in urine sediment 
were observed in 32% of cases of CIS and 20% of bladder 
cancers, but the correlation between cancer tissue and 
urine sediment was not strong.!>4 


TSC1 


The TSC/ gene (tuberous sclerosis complex) encodes the 
protein hamartin and is mutated in patients with tuberous 
sclerosis. TSC] is located on 9q34.'>° LOH studies have 
shown that 34% of bladder cancers, especially Ta tumors, 
have mutations in this gene!°°; other investigators have 
reported TSC] gene mutation frequency rates of 11% to 


13% in urothelial carcinomas. !55-157:158 


FHIT 


The fragile histadine triad (FHIT) gene is located on the 
short arm of chromosome 3 (3p14.2) and has decreased 
protein expression in bladder tumors. Loss of the FHIT 
gene has been identified in 25% to 60% of bladder can- 
cers, and this finding is more common in higher stage 
cancers. Patients whose cancers show this loss of expression 
are found to have poorer prognoses as well as decreased 
surviyal.!5°-161 
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PTEN 


PTEN (phosphatase and tensin homolog deleted on 
chromosome 10) is located on 10q23, which is a common 
region of LOH in high grade and high stage urothelial 
carcinoma. 158-162-164 Loss of PTEN causes PI3 kinase 
activation (acts in the same way as TSCZ). Tsuruta 
et al. reported 53% of primary bladder cancers exhibited 
decreased or absent expression of PTEN protein in 
either the cytoplasm or nucleus of tumor cells.!65 In 
advanced bladder cancers, PTEN protein was reduced 
significantly (particularly in the nucleus) in 94% of cases, 
and this decrease in PTEN correlated with disease stage 
and grade.!5 PTEN expression did not correlate with 
patient survival.!°° Reduced PTEN expression relates to 
aggressiveness of bladder tumors. The alteration of PTEN 
expression was significantly different according to tumor 
stage and grade.'!°’ However, PTEN expression was not 
significantly correlated with disease recurrence, progres- 
sion, and recurrence- or progression-free survival.!67 


p63 


P63 is a member of the TP53 gene family that is present in 
normal urothelium but lost in most invasive cancers.!® p63 
(—/—) mice fail to complete urothelial differentiation. !®8 


Growth Factors and Receptors 


Fibroblast Growth Factor Receptor 3 


Fibroblast growth factor receptor (FGF R) 3 is a crucial gene 
in embryonic development, cell growth, differentiation, pro- 
liferation, and angiogenesis.'!©? FGFR is composed of four 
active components, designated as FGFRs 1 to 4; these are 
high-affinity cell surface-associated receptors, encoded on 
4p16.3.'7° Each component is composed of an extracellular 
domain made up of an amino-terminal hydrophobic signal 
peptide with three immunoglobulin-like domains to which 
fibroblast growth factors bind, a hydrophobic transmem- 
brane domain, and an intracellular tyrosine kinase domain. 
FGFR3 mutations are known most commonly for caus- 
ing autosomal-dominant skeletal dysplasia syndromes such 
as achondroplasia and hypochondroplasia.'©!7! A muta- 
tion in FGFR3 (especially in exons 7, 10, and 15) may 
be one of the earliest genetic alterations in the transfor- 
mation from normal urothelium to malignant urothelium, 
as evidenced by the fact that mutations in FGFR3 have 
also been identified in urothelial papillomas.!’” Mutations 
are most commonly found in low grade and low stage 
tumors. Eight point mutations (missense) have been identi- 
fied in urothelial carcinomas that cause substitutions in the 
extracellular, transmembrane, and/or cytoplasmic domains 
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of the receptor.'’?-!7> Recent studies show that 74% of pTa 
tumors, 21% pT1 tumors, 16% of tumors >pT2, and 0% 
of carcinomas in situ harbor this mutation.!7:!7+!76 Tt has 
been reported that more than 40% of patients with urothelial 
carcinoma harbor mutations in FGFR3 and that absence of 
this mutation in other tumor sites may indicate that FGF'R3 
mutations are quite specific for urothelial tumors. 

It is postulated that a mutation in FGFR3 results in 
activation of the RAS-MAPK pathway; however, such 
activation has not been found in all FGFR3 -mutated 
tumors.!77!78 Yet RAS mutations are associated with 
approximately 15% of bladder tumors. Mutations of 
PIK3CA, the a-catalytic subunit of PI3 kinase, is also 
been found to be associated with low grade and low stage 
tumors (but not as strongly associated as FGFR3 muta- 
tions). Reports indicate that this mutation is demonstrable 
in approximately 20% of Ta tumors, and it coexists with 
FGFR3 mutations in about 26% of such tumors. More 
studies are needed to clarify the relationships between 
FGFR3 and other genetic abnormalities in the genesis and 
progression of bladder tumors.!”? 

Real-time PCR detects FGFR3 expression and other 
FGFR expressions in urothelium. Different isoforms of 
FGFR3 have been identified. Most common of these are 
FGFR3b (which may inhibit FGF-stimulated proliferation) 
and FGFR3c (the mesenchymal isoform). In many tumors 
an isoform switch occurs between FGFR3b and FGFR3c, 
and this may indicate a possible autocrine or paracrine path- 
way that thereby stimulates FGFR3 signaling in tumors. 

Both HRAS (discussed below) and FGFR3 mutations 
are found in approximately 30% and 70%, respectively, of 
low grade urothelial carcinoma, and this pattern may indi- 
cate that activation of the RTK-RAS pathway is responsible 
for the transformation of cells that occurs in low grade 
tumors.!78:!89 However, to date, no investigation has found 
whether the two mutations can exist simultaneously within 
the same tumor.!8° 

Point mutations of the FGFR3 gene are present in up 
to 88% of low grade cancers, and these bear no relation to 
patient age or clinical status.!8118? Remarkably, one report 
found that about 75% of papillomas also contain muta- 
tions, representing the first genetic defect found in urothelial 
papilloma.!*! 


Epidermal Growth Factor Receptor 


Epidermal growth factor receptor (EGFR) is a tyrosine 
kinase, similar to FGFR3. It is encoded by a pro- 
tooncogene located on chromosome 7p13. EGFR is a 
transmembrane, growth-regulating 170-kDa glycoprotein. 
The extracellular domain represents the ligand-binding site 
and is a receptor for epidermal growth factor (EGF) and 
transforming growth factor œ (TGFA). Binding of EGF to 
its receptor results in downregulation by endocytosis of the 
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normal receptor and stimulation of tyrosine kinase.!83-184 


Amplification of EGFR is identified in 5% of urothelial 
carcinomas with protein overexpression in 23% of tumors, 
which is associated with a poorer prognosis and more 
aggressive tumor behavior.!*>-!8° Failure of ubiquitination 
may explain the accumulation of cytoplasmic EGFR in 
some tumor cells.!8°* Some studies have indicated that 
EGFR is overexpressed in as many as 30% to 50% of 
invasive bladder cancers.'8’ Currently, phase I trials are 
under way in patients with solid tumors, other than urothe- 
lial carcinomas, exploiting two sites of targeted therapy: 
monoclonal antibodies specifically directed against the 
extracellular domain of the receptor, and small molecule 
blockade of tyrosine kinase within the intracellular domain 
of the receptor. Gefitinib has been studied recently in lung 
cancers, and the resulting studies indicate that it inhibits 
DNA synthesis and decreases cell proliferation, especially 
in cancers that harbor mutations in EGFR1.188-190 Overex- 
pression of EGFR and ERBB2 are associated with invasive 
tumors and a worse prognosis. !°!-192 

EGFR is present in many cells, including the basal cell 
layer of normal urothelium.'%? Staining is predominantly 
membranous. EGFR immunoreactivity is present in about 
50% of bladder cancers, with increased expression in stage 
T2 to T4 cancers (71% of cases).!"* Staining is most at the 
advancing edge of the invasive cancer.!%4 

EGFR immunoreactivity correlates with bladder 
cancer recurrence, shorten time to recurrence, and 
shorten survival, 194195 although there are some conflict- 
ing results.!°° The strong association between EGFR 
immunoreactivity and the proliferation index (using 
bromodeoxyuridine staining) in bladder cancer suggests 
that this receptor may be involved in tumor promotion and 
proliferation. !°* Furthermore, the combination of increased 
EGFR immunoreactivity with loss of blood group antigen 
and spontaneous expression of the T antigen suggests 
that defective glycosylation is involved in urothelial 
carcinogenesis and is associated with increasing stage.!?’ 
EGFR immunoreactivity may be related to expression of 
c-jun oncoprotein. !°8 


Vascular Endothelial Growth Factor 


Vascular endothelial growth factor (VEGF) and, to a lesser 
extent, basic fibroblast growth factor (see below) are the 
primary inducers of angiogenesis in bladder cancer cells. 1°? 
VEGF mRNA and protein levels are higher in cancer than in 
benign urothelium,?”?°! and high VEGF expression level 
predicts a poor prognosis.?°?-2° However, urinary VEGF 
does not correlate with cancer stage, size, or grade.?°? An 
inhibitor of VEGF, thrombospondin 1, appears to play a 
key role in angiogenesis; its downregulation is associated 
with the switch from an antiangiogenic to an angiogenic 
phenotype which occurs early in urothelial carcinoma.!? 


Acidic Fibroblast Growth Factor 


Acidic fibroblast growth factor is a monomeric 16-kDa 
protein originally purified from normal brain and widely 
distributed in normal human tissues.!* It is present in most 
cases of urothelial carcinoma, and the intensity and fre- 
quency of immunoreactivity around tumor cell correlate 
with the grade and stage of the carcinoma. 


Basic Fibroblast Growth Factor 


Basic fibroblast growth factor is one of a family of nine 
fibroblast growth factors that all have a strong affinity 
for heparin and are functional ligands for FGFRs with 
have intrinsic tyrosine kinase activity. Basic fibroblast 
growth factor is present in the basal lamina of the normal 
urothelium, in normal muscle, and around blood vessels, 
but in only 13% of cases of urothelial carcinoma.” Basic 
fibroblast growth factor is a potent angiogenic factor and 
is an independent predictor of bladder tumor recurrence 
when present.” 


Oncogenes 


ERBB2 (HER2) 


ERBB2 (HER2), found on 17q23,!86207.208 encodes yet 
another protein receptor tyrosine kinase. As with breast can- 
cers, urothelial carcinoma shows amplification of this pro- 
tein. Immunohistochemical analysis shows that 37% to 50% 
of bladder cancers overexpress the HER2 protein, especially 
advanced-stage tumors (>pT2); consequently, the ERBB2 
gene may be a potential future therapeutic target in blad- 
der cancer.7°??!0 Other studies have shown that ERBB2 
overexpression occurs in 10% to 50% of invasive bladder 
cancers. ERBB3 and ERBB4 have also been linked to low 
grade noninvasive papillary tumors. !8°207.208.211 

The HER2 protooncogene is present as a single-copy 
gene in normal cells, present on chromosome 17q12—21.32. 
It encodes a protein in the cytoplasmic membrane that 
has an external (HERI) component, a transmembrane 
component, and an internal (HER2) 185-kDa cytoplasmic 
component.?!? HER2 has tyrosine kinase activity and is 
85% homologous with EGFR.7!? The transmembrane seg- 
ment is not as closely related to EGFR and the extracellular 
domain shares only 40% homology with EGFR. 

HER2 immunoreactivity in urothelial carcinoma is 
usually present on the cell membrane,!?* although cyto- 
plasmic reactivity has also been reported.?!? Stained cells 
are distributed diffusely, with no preference for superficial 
or basal cells of the tumor or normal urothelium. The 
frequency of HER2 protein expression varied from 2% 
to 65% in the normal and inflamed urothelium, and was 
present in 19% of cases of dysplasia and 64% of cases of 
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CIS.?!* Immunoreactivity increased with urothelial cancer 
stage*!> and recurrence,!4®196:212 although some reports 
found no correlation of HER2 staining and outcome.*!®?!7 
A recent report revealed that HER2 expression indepen- 
dently predicts cancer-related survival.?!® A prospective 
study of patients with high grade muscle-invasive urothe- 
lial carcinoma treated by paclitaxel-based chemotherapy 
found HER2 expression in 71% of high stage urothelial 
carcinomas. There was a lower risk of cancer death 
with HER2 expression, suggesting a possible association 
between chemosensitivity and HER2 expression.”!? 


HRAS 


Most investigators find HRAS mutations (causing constitu- 
tive activation) on codons 12, 13, and 61 in 30% to 40% of 
bladder cancers. Reported mutation rates vary from 0% to 
84%. Transgenic mice studies have suggested that the HRAS 
oncogene could be associated with the transformation of 
benign urothelium to urothelial hyperplasia and subse- 
quently to low grade noninvasive papillary tumors.??°-7*4 
Currently available data in humans, however, do not sup- 
port a straightforward association between RAS mutations 
and either superficial or invasive urothelial cancer. 

The human RAS gene family, including HRAS, KRAS, 
and NRAS, is a prototype of cellular genes whose mutations 
or overexpression often lead to malignant transformation.?*> 
These genes encode a group of closely related 21-kDa 
proteins (p21). RAS p21 binds guanine nucleotides with 
high affinity and has guanosine triphosphatase activity. The 
protein is anchored to the cytoplasmic surface of the cell 
membrane and is a transducer for signals affecting cell 
proliferation.” 

Two mechanisms may explain how RAS genes transform 
cells. One involves a single nucleotide mutation in codons 
12, 13, 29, and 61, resulting in an amino acid substitution 
of the gene product p21 that reduces the enzyme activity of 
the GTP binding domain. The second mechanism involves 
overexpression of the RAS gene product. 

Mutations of RAS genes are the most frequent genetic 
alterations in urothelial cancer.?”> These mutations usually 
involve codon 12, and, less frequently, codon 13 or 61 of 
HRAS. Sporadically, the KRAS gene is also affected. The 
elimination of functional HRAS gene in human bladder can- 
cer cell line T24 by an antisense oligonucleotide inhibited 
cell proliferation indicating that mutant HRAS is essential 
to the high proliferation of this tumor culture. HRAS muta- 
tions occur in about 50% of urinary bladder cancers.” G-T 
substitution in the second nucleotide of codon 12 of the 
HRAS gene results in replacement of glycine for valine in 
the gene product p2/ and is a dominant mutation in human 
bladder cancer.?*”?28 HRAS gene codon 12 mutations occur 
more frequently in high grade aneuploid bladder carcinoma 
than in low grade diploid papillary carcinoma, but there is 
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no definitive correlation with cancer grade or stage. Simi- 
lar results have been obtained with p27 by immunohisto- 
chemistry; p217 overexpression correlates with DNA ploidy 
status, but not with grade and stage.””? c-HRAS gene poly- 
morphisms have been found in bladder cancer, but c-HRAS 
genotyping appears to be of limited value in the clinical 
management of patients.” KRAS mutations were observed 
in 29% of patients but their clinical significance has not 
been prospectively investigated.?>! 


MDM2 


The MDM2 gene, located on chromosome 12q14, encodes 
an oncoprotein that interacts with p53 and causes degrada- 
tion of the protein. MDM2 cannot function as a degradation 
mechanism when there are contact mutations in TP53. 

TP53 mutations may be either contact mutation, that pre- 
vent p53 from acting as a transcription factor for the MDM2 
gene, or structural mutations that cause nuclear aggregation 
due to protein unfolding. These unfolded p53 proteins may 
be seen in immunohistochemical imaging. Both of the TP53 
mutation mechanisms have been described in bladder can- 
cers. Wild type p53 can activate the protooncogene nuclear 
protein MDM2 | !9.232 

Overexpression of MDM2 is inversely associated with 
high grade tumors.??>?34 This protein is increased in 67% 
of cases of noninvasive and early invasive (pT1) bladder 
cancer, but is present in only 27% of muscle-invasive carci- 
noma cases. Approximately 4% to 6% of all bladder cancers 
have amplification of MDM2, although some available data 
show no clear correlation between MDM2 status and tumor 
grade or stage.?*>-238 


MYC 


Increase in MYC/CCNDI copy number may occur prior to 
muscle invasion in bladder cancer”? and is correlated with 
grade.?”? However, there is no correlation between MYC 
protein overexpression and MYC gene amplification indi- 
cating that expression controls may be effective even when 
multiple gene copies are present.™”® MYC copy gains, how- 
ever, correlated with TP53 deletions and DNA ploidy.”*? 
MYC is an independent predictor of progression-free and 
cancer-specific survival.!® 


Cyclin D1 and D3 


Cyclin D1 is a nuclear protein encoded by the CCNDI 
gene on chromosome 11q13 that has been identified as the 
PRADI protooncogene and the most likely candidate for 
the BCLI protooncogene. It is a nuclear protein expressed 
early in the cell cycle of dividing cells. Cyclin D1 binds to 
cyclin-dependent kinases and displays specific and periodic 
expression during cell cycle progression, suggesting an 
important role in growth regulation. It interacts with pRB 
and other cell cycle-related proteins, such as PCNA and 
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p21. Benign and dysplastic urothelium, including inverted 
papilloma, do not express cyclin D1.74! 

Conflicting results have been obtained with immuno- 
histochemical studies of cyclin D1 expression. One study 
identified nuclear cyclin D1 only in stage Ta and T1 
papillary urothelial cancer, but not in invasive cancer or 
nonpapillary cancer. In some studies, there was a marked 
decline with cancer grade and progression. !3?:241:242 There 
was an inverse correlation of cyclin D1 expression with 
PCNA and p53 expression, suggesting that cyclin D1 
plays a role in negatively controlling cellular proliferation 
and allowing cancer differentiation. Conversely, other 
studies found no correlation of cyclin D1 expression 
with grade and stage, although cyclin D1 immunoreactive 
cancers recurred more rapidly than unreactive cancer.747-7"4 
Overexpression of cyclin DI mRNA was found in 81% of 
nonmuscle invasive cancer and 38% of muscle-invasive 
cancer.” For comparison, about 10% to 15% of bladder 
cancer have amplification of the 11q13 region, so influ- 
ences beside gene dose must contribute to the level of 
cyclin D1.”5 The cumulative results indicate that genetic 
alterations in cyclin D1 are probably early events in urothe- 
lial carcinogenesis. Some of the differences in outcome 
may result from polymorphisms of the cyclin D1 gene; 
the variant A allele was associated with increased risk of 
bladder cancer in Japanese patients.” The combination of 
low cyclin D1, low p27 (Kip1), and high Ki67 expression 
was most predictive of recurrence.*> 

More recently, cyclin D3 deregulation has been reported 
in bladder cancer.*4”748 Cyclin D3, another G1-S phase 
regulator, and tumor proliferation were investigated by 
immunohistochemistry and measured by the grid-counting 
method. To validate the immunohistochemical expression, 
cyclin D3 was also quantitated by Western blotting in 
selected cases. Cyclin D3 overexpression was related to 
larger tumor size (>5 cm; P < 0.0001) and high tumor 
proliferation (>10%; Ki67 labeling index; P = 0.025). 
Mean cyclin D3 expression levels increased with 2004 
World Health Organization (WHO) grade for stage Ta (P = 
0.035, ANOVA) and stage T1 (P = 0.047, t test) tumors. 
Cyclin D3 was not related to other clinicopathological 
parameters, G1-S phase modulators, or 9p21 LOH. Cox 
multivariate analysis selected cyclin D3 as an independent 
predictor of progression-free survival [P = 0.0012, relative 
risk (RR) = 5.2366] together with tumor size (P = 0.0115, 
RR = 4.4442) and cyclin D1 (P = 0.0065, RR = 3.3023). 
Cyclin D3 expression had the highest risk ratio.” 


Cell Adhesion Markers 


E-cadherin 


E-cadherin is the epithelial member of the cadherin 
molecule family, a group of transmembrane glycoproteins 
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of 80 kDa to 120 kDa molecular weight with 723 to 
748 amino acids involved in intercellular adhesion. They 
have extracellular, membranous, and cytoplasmic domains, 
and the extracellular domain contains the binding site for 
calcium that protects the molecule from proteolysis.74°~7>! 
The cytoplasmic domain forms complexes with catenins 
and cytoplasmic elements. 

The normal human urothelium displays intense homoge- 
neous immunohistochemical membranous staining at cell 
borders of E-cadherin in 88% of cells.°*-?>4 The lumi- 
nal membrane of superficial cells is devoid of staining, as 
are parts of the cell in contact with the basement mem- 
brane. Staining was present in 93% of cells of CIS, 21% 
to 98% of low-stage cancers, and 45% to 76% of invasive 
cancers 249:252:255 

The inverse correlation of E-cadherin expression with 
cancer stage indicates that it plays a role in invasion.>~°° 
Expression of E-cadherin was identical in the primary 
cancer and lymph node metastases.*! There was also a 
strong correlation between E-cadherin expression and 
survival; conversely, the presence of normal E-cadherin 
staining appeared to indicate a good prognosis, even if 
the cancer was high stage.*°?75758 High ratio of matrix 
metalloproteinase 9 to E-cadherin expression correlated 
with microvessel density and predicted a poor prognosis.”>° 
Serum concentration of E-cadherin correlated with cancer 
grade, number of cancers at presentation, and cancer recur- 
rence, but not with immunoreactivity in tissue sections.?>? 

CpG hypermethylation plays a pivotal role in E-cadherin 
gene inactivation in cancer, with 63% to 84% of malignant 
cases showing methylation of the promoter region, com- 
pared with only 0% to 24% of benign urothelium.7©76! 
Two sites, nucleotide (nt) 892 and nt 940, showed 100% 
methylation in all cancer samples.*°° 


Integrins 


The integrins are a family of adhesion molecules that are 
transmembrane heterodimers of noncovalently linked a and 
ß subunits. There are at least eight different subfamilies 
of integrins, each with a common f subunit capable of 
combining with various œ subunits. Integrins function as 
receptors for extracellular molecules, and can be segregated 
broadly into those that bind primarily to major constituents 
of the basement membrane (collagens and laminin), those 
that bind primarily to the extracellular matrix proteins (fib- 
rinogen, fibronectin, and thrombospondin), and those that 
function as cell adhesion molecules (found primarily on 
lymphocytes).*©* Normal urothelium does not express a 1, 
a 4, or a 5 subunits, but shows cell membrane staining for 
a 2 and q@ 3 that is stronger in the basal cell layer than in 
luminal cells. There is progressive loss of œ 2 6 1 expres- 
sion and, to a lesser extent, a 3 6 1, in progression from Ta 
and T1 cancer to T2—3 cancer.?® In normal urothelium, the 


a 6 $ 4 integrin colocalizes with type VII collagen at the 
junction of the basal cell and the lamina propria.” In non- 
invasive bladder cancers, integrin expression is present on 
the suprabasal and basal cells, type VII collagen remains 
bound at the hemidesmosomal basal cell anchoring com- 
plex. This finding suggests that the anchoring complex in 
low stage cancer is normal or only slightly altered, whereas 
in 83% of invasive cancers, loss of integrin or type VII col- 
lage, or loss of both, indicates attachment abnormalities.2@ 


CD44 


CD44 (PgP-1, ECM III, Hermes antigen) designates a 
family of cell surface glycoproteins involved in cell-cell 
and cell—matrix interactions present chiefly in epithelial 
cells. The normal urothelium expresses CD44, but 
greater expression is present in early noninvasive papillary 
urothelial carcinoma, and there is progressive loss with 
greater invasion.!*87°4-266 CD44y aberrant gene product 
overexpression correlated with invasive extent and cancer 
recurrence in a small series.'°° CD44 protein isoforms and 
mRNA species were also detectable in exfoliated cancer 
cells in urine specimens.”*’-? The ratio of CD44v8-10 
to standard CD44 in urine samples predicts invasion and 
disease-free survival.” Soluble CD44 protein is detectable 
in serum, with lower levels in men having bladder cancer 
than in matched healthy controls.7” 


F and G Actin 


Alterations in actin polymerization are linked to the phe- 
notype of bladder cancer and may be useful as a marker 
of early invasion and progression.®* Such alterations result 
from activation of oncogenic actin signaling pathways (e.g., 
RAS and SRC) or inactivation of actin-binding tumor sup- 
pressor proteins (e.g., E-cadherin, gelsolin, and others). 

The amounts of the cytoskeletal proteins, F actin, 
and its precursor, G actin, are markers for decreased 
differentiation and risk for bladder cancer.?7!?’? The 
differentiation-related changes occur early in carcinogene- 
sis, and can be reversed in vitro by treatment with retinoid 
or other differentiation-promoting agents.” 


Vessel Density 


Microvessel Density 


Angiogenesis is an essential component of cancer growth, 
and it is measured indirectly by counting the number of 
small blood vessels to create the microvessel density score 
(number of blood vessels per unit area).*°© All studies of 
microvessel density in bladder cancer to date have been 
retrospective, and comparison is often difficult, owing to 
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differences in methods of microvessel density measure- 
ment, patient populations, and outcome variables.2%?/4 
Standards have recently been proposed to facilitate con- 
firmation of the suggested predictive value of microvessel 
density in bladder cancer and other cancers.?5?76 

Lymph node metastases had microvessel density similar 
to that in the primary cancer.*! Increased microvessel 
density in urothelial carcinoma was predictive of lymph 
node metastases,” recurrence, and poor survival.278:279 
This parameter appeared to be an independent prognostic 
factor.?>°:778.279 Similar results were found in patients 
with schistosomiasis-associated adenocarcinoma of the 
bladder.2®° However, other reports found no correlation of 
microvessel density with recurrence or progression. !?® 


Lymph Vessel Density 


Lymph vessel density can be distinguished immunohis- 
tochemically using D2-40 antibody, a specific lymphatic 
endothelial cell marker.?®! Fernandez and colleagues 
performed a double immunostaining for D2-40 and the 
proliferation marker Ki67 in 108 patients with muscle- 
invasive bladder cancer.”°* Peritumoral vessels were 
observed in 97% of cases and intratumoural vessels in 
60% of cases. Higher intratumoral lymph vessel density 
correlated significantly with poor histological differen- 
tiation. Higher peritumoral lymph vessel density was 
associated with lymph node metastasis. However, lymph 
vessel density had no impact on survival. These findings 
suggest that lymphangiogenesis may contribute to tumor 
dissemination and thus provide a potential target for 
bladder cancer therapy.”°? 


Telomerase 


The chromosome ends, referred to as telomeres, shorten 
progressively with each normal cell division, ultimately 
resulting in destruction of ability to duplicate the chro- 
mosome. Telomere shortening acts as a biologic clock to 
induce cell senescence and death, and is reversed by telom- 
erase, a DNA polymerase that repairs the ends of chromo- 
somes, thereby prolonging cell life and replicative potential. 
The presence or increased expression of telomerase has 
been implicated in the immortality and growth advantage 
of cancer cells in a variety of organs, including the urinary 
bladder.?** 

Benign urothelium displays little or no telomerase 
activity, whereas virtually every cancer expressed high 
levels, according to studies of tissue extracts.28+85 An in 
situ hybridization assay confirmed these results recently in 
formalin-fixed paraffin-embedded tissues.”°° 

The majority of urine samples with cancer cells con- 
tained telomerase activity, whereas most benign samples 
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did not.?8’-?9? Analysis of telomerase activity in urine 
samples using PCR-based amplification in the Telomeric 
Repeat Amplification Protocol (TRAP) assay revealed a 
superior combination of sensitivity and specificity (74% 
to 84% and 69% to 93%, respectively) when compared 
with cytology.”°*-?** However, comparison of the TRAP 
assay with the BTA stat test and NMP22 has yielded 
conflicting results.??5-?97 A recent comparative analysis 
from one of the same centers revealed poor sensitivity 
(46%) and specificity (74%) compared to other markers.7°8 
Telomerase activity did not correlate with cancer stage, 
grade, multifocality, or cancer recurrence.78>78° 


Miscellaneous Markers 


Multidrug Resistance Proteins 


There is a significant correlation of P-glycoprotein/ 
multidrug resistance 1 (MDRI) and multidrug resistance 
proteins 1 and 3 (MRPI and MRP%3, respectively) with 
resistance to doxorubicin in patients with bladder cancer.’”? 
The expression of these proteins in residual and recurrent 
cancer after treatment is much higher than in untreated 
primary tumors. 


Cyclooxygenase 2 


Cyclooxygenase 2 (COX2) enzyme expression is greater in 
urothelial carcinoma than in benign urothelium,°-3 and 
the expression of COX2 correlates with the cancer grade.*”! 
The value of its determination as a marker of response to 
COX2 inhibitors remains unsettled. 


Gelsolin 


Gelsolin is a protein that surrounds actin cores in the organ- 
ization of hemidesmosomes and has a function in the actin 
polymerization and remodeling of malignant cells.6?-63:304 
The gelsolin gene (GSN) is located on chromosome 
9q33, one of the most frequently deleted loci in urothelial 
carcinoma. Utilizing sequencing analysis, gene profiling, 
immunohistochemical analysis, and reversed-phase arrays 
of various samples of bladder cancers, investigators have 
shown that patients with low gelsolin expression had 
shorter survival times than those of patients who had 
higher levels of gelsolin expression. In fact, those patients 
that showed mutated TP53 (vs. wild type TP53) also 
displayed lower levels of gelsolin expression, indicating a 
function for gelsolin as a possible tumor suppressor. These 
findings illustrate a strong potential for future therapeutic 
interventions and possible prevention through the targeting 
of specific actin signaling pathways.6%63-304 The data 
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suggest that actin alterations can be linked with bladder 
cancer development and progression, and specific patterns 
of remodeling may be associated with separate stages of 
bladder cancer. 

Expression of the cytoskeletal protein gelsolin was 
decreased in CIS and bladder cancer compared with benign 
urothelium, and showed strong independent prediction of 
cancer recurrence and progression.”> 


Others 


A variety of other markers have been evaluated in limited 
series. Autocrine motility factor receptor (AMFR or gp78) 
was not expressed by benign urothelium, whereas its 
expression in urothelial carcinoma was an independent 
predictor of outcome in patients treated surgically.?°’ 
Expression of the surface glycoprotein luminal epithelial 
antigen (LEA.135) in immunohistochemical assays showed 
progressive loss with high grade and high stage cancer.*° 
Androgen receptor, a member of the steroid hormone 
nuclear receptor superfamily, is expressed in the majority of 
urothelial carcinomas,’ but not in benign urothelium.3°7 
Urokinase plasminogen activator is a serine protease 
whose expression was an independent predictor of survival 
in node-negative muscle-invasive bladder cancer,>830 
but not in upper urinary tract carcinoma.*!° The fragile 
histidine triad (FHIT) gene on chromosome 3p14.2 was 
aberrantly expressed in most primary urothelial cancers.*!! 

Estrogen receptors were detected in 12% of superficial 
bladder cancers, but were not predictive of survival.?!2 

Altered expression of TGFB/ and its receptors is 
common in urothelial carcinoma, and overexpression of 
TGFBI and TGFBRI was independently associated with 
progression and cancer-specific mortality.7'? In another 
study, TGFB/ expression was greater in benign urothelium 
and low grade tumors than in CIS and high grade tumors; 
together with interleukin 4, it may induce expression of 
tenascin-C around foci of stromal invasion.>!+ 

The glyoxalase enzymes detoxify cytotoxic methyl- 
glyoxal and have unchanged or increased expression in 
invasive bladder cancer compared with benign urothe- 
lium (glyoxalase I and glyoxalase II, respectively).?!> 
The B3GNT2 member of the glycosyltransferase family 
is downregulated in invasive cancer compared with 
noninvasive cancer.*!© FEZJI/LZTS1 tumor suppressor 
gene product was found in 37 of 60 primary bladder 
cancers by immunohistochemistry.*!’ Expression of the 
protein product of the mitotic kinase-encoding gene 
STK15/BTAK/ AuroraA was strongly associated with high 
grade, cancer invasion, and mortality!’ Peroxisome 
proliferator-activated receptor gamma was expressed more 
commonly in papillary tumors than in solid tumors.*!? 
Tissue polypeptide-specific antigen was shown to correlate 
with cancer size, stage, and grade, with 95% specificity and 


33% sensitivity for cancer diagnosis.” Low expression 
of thymidylate synthase, a critical enzyme in pyrimidine 
synthesis, and high expression of dihydropyrimidine 
dehydrogenase, an important pyrimidine salvage enzyme, 
predicted longer cancer-free survival after surgery.*?! 
Thymidine phosphorylase level was highest in high grade 
muscle-invasive cancer??? and in those with recurrence.” 

Urinary matrix metalloproteinase 1 (MMP1) correlated 
with cancer progression and mortality, whereas tissue 
inhibitor of metalloproteinase-a (TIMP1) did not?*; 
however, another report found that patients with high 
TIMP! expression had a poorer prognosis than those with 
low expression.*”> Proline-directed protein kinase F(A) 
was overexpressed in high grade and high stage urothelial 
carcinoma, and correlated with recurrence and mortality.*7° 
High clusterin mRNA expression independently predicted 
lower recurrence-free survival by multivariate analysis with 
multiple clinical and pathologic factors.*?7 Osteonectin 
gene expression correlated with matrix metalloproteinase 
2 expression and also with cancer grade, stage, and 
progression.**® Ku protein is involved in DNA double- 
stranded break repair, and its expression is greatly increased 
in cancer compared with benign bladder tissue.*”? 

Caveolin 1 immunoreactivity in bladder cancer corre- 
lated with grade but not with progression or survival.*°° 
Glycolipid GM3 expression was inversely correlated with 
invasive potential of urothelial carcinoma.**! Expression of 
hypoxia inducible factor (HIF) 2/endothelial PAS domain 
protein 1 was observed in invasive cancer but not in super- 
ficial cancer.3?? Calcium-binding protein, S100A4, is more 
commonly expressed in invasive cancer and metastases, and 
predicts reduced survival.**7 

A novel gene found by comparison of mRNA expres- 
sion profiles, (BLCAP or BC10), is found in noninvasive 
cancer but downregulated with invasion.**+ Cathepsin L is 
a cysteine protease that was elevated in urine samples with 
cancer invasion and high grade cancer; conversely, cathep- 
sins B and H were not increased.’ Glycosphingolipid 
sialosyl-Le(x) expression in bladder cancer was predictive 
of invasion and metastases; no other carbohydrate epitope 
had prognostic value. MAGEA4 protein was more 
commonly expressed in squamous cell carcinoma than in 
adenocarcinoma, sarcomatoid carcinoma, small cell carci- 
noma, and urothelial carcinoma (46% vs. 27%, 29%, 25%, 
and 19%, respectively) and was predictive of decreased 
cancer-specific survival.” The 150-kDa oxygen-regulated 
protein, ORP150, was commonly expressed in bladder 
cancer, particularly in higher stages; its expression cor- 
related with matrix metalloproteinase 2 expression.**® 
A preliminary study of hepatoma upregulated protein 
(HURP) revealed a sensitivity for malignant versus benign 
urothelium in tissues of 89% and a specificity of 100%.*°° 
The authors suggested a potential use for this marker in 
urine screening to detect urothelial neoplasia. 
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Combined Biomarkers and Nomograms 


Stratification of risk is a key component of decision mak- 
ing in clinical practice, with a variety of factors influencing 
selection of treatment for a given patient. The current tumor, 
lymph nodes, and metastases (TNM) staging system contin- 
ues to be the standard determinant of bladder cancer prog- 
nosis after radical cystectomy. However, the heterogeneity 
of tumor biology and patient characteristics within each 
prognostic group result in significant variation of outcome 
within each staging category. Incorporation of molecular 
variables with the TNM classification might improve the 
risk prediction for patients. 

A nomogram is a graphical representation of a math- 
ematical formula or algorithm that incorporates several 
predictors, modeled as continuous variables, to predict 
a particular endpoint.*4? By incorporating all relevant 
continuous prognostic factors for individual patients, 
nomograms provide more accurate predictions than models 
based on risk grouping and generally surpass clinical 
experts at predicting outcomes.*#! 

Molecular markers provide a promising approach for 
improving the predictive accuracy of current prognostic 
indices. Risk prediction may be more precise and reliable 
when several predictive variables are considered simultane- 
ously. Multivariate nomograms, which facilitate the prob- 
ability of event predictions at specific points after cystec- 
tomy, may provide incremental predictive accuracy.*47344 
Calculation of the probability of urothelial carcinoma recur- 
rence risk progression, or metastasis utilizes the knowledge 
of clinical variables, pathological characteristics and the 
molecular alterations identified in the patient’s tumor. Sev- 
eral postcystectomy nomograms have been developed to 
aid in predicting the natural outcome of surgically treated 
bladder cancers and to assist in deciding upon the use of 
adjuvant therapy after radical cystectomy.*43-*4” 

Shariat et al. showed that adding a panel of five cell 
cycle regulators, including p53, pRB, p21, p27, and cyclin 
El, improved the predictive accuracy of competing risk 
nomograms for predicting bladder cancer recurrence and 
survival after radical cystectomy in a group of patients 
with pTa—pT3 node-negative urothelial carcinomas. The 
alteration of cell cycle regulators was detectable in 82% 
of patients, and 20% of patients had three and 16% had 
four or five altered biomarkers. Patients with three or more 
altered biomarkers had a four-ford to 10-fold higher risk 
of bladder cancer prognosis recurrence and mortality after 
radical cystectomy.**” 

In another study, Shariat et al. developed nomograms 
that accurately predicted disease recurrence and progres- 
sion in patients with Ta, T1, or CIS urothelial carcinoma 
using a large international cohort.*4> Multivariate logistic 
regression models targeted histologically confirmed disease 
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recurrence and focused on 2542 patients with bladder 
urothelial carcinoma from 10 participating centers, 957 
with recurrent disease. The authors evaluated nuclear 
matrix protein 22 (NMP22) testing and traditional cytol- 
ogy, as well as patient age and gender. Tumor grade 
spanned grade 1 (24%), grade 2 (43%), and grade 3 (33%). 
Similarly, tumor stage included Ta (45%), T1 and/or CIS 
(32%), and T2 or greater (23%). The authors identified a 
bootstrap-corrected predictive accuracy for any urothelial 
carcinoma recurrence of 0.842. Similarly, values for grade 
3 lesions (Ta/T1/CIS) and T2 or higher stage urothelial 
carcinoma (any grade) were 0.869 and 0.858, respectively. 
The study found excellent performance characteristics for 
the nomograms generated predicting urothelial carcinoma 
recurrence or grade 3 Ta/T1/CIS; however, the nomogram 
for T2 or higher stage urothelial carcinoma overestimated 
the probability of recurrence observed. Along these lines, 
nomograms incorporating traditional staging and predictive 
information with molecular features may ultimately be 
used to counsel patients regarding recurrence risks and aid 
in treatment selection. 

Catto et al. have compared the predictive accuracies 
of neurofuzzy modeling (NFM), artificial neural networks 
(ANN), and traditional statistical methods, for the behavior 
of bladder cancer. The authors examined 109 patients with 
bladder cancer, utilizing p53 and mismatch repair proteins 
as molecular markers, as well as clinicopathologic infor- 
mation. For each of the methods, models were produced to 
predict the presence and timing of a tumor relapse. Both of 
the artificial intelligence methods studied predicted relapse, 
with an accuracy ranging from 88% to 95%, superior to 
regular statistical methods.**? 


Impact of Biomarkers on Pathologic 
Classification of Bladder Tumors 


Many investigators have evaluated the associations between 
tumor mutations, including FGFR3, and disease progres- 
sion and recurrence. However, the most recent data suggest 
that within Ta bladder tumors, mutation of FGFR3 confers 
an increased risk of recurrence. Nevertheless, its presence 
or absence does not predict progression in any stage or 
grade of tumor. 

A multicenter study evaluating bladder tumors for Ki67 
immunostaining status and FGFR3 mutation status resulted 
in the categorization of these tumors into three prognostic 
groups: molecular grade 1 (FGFR3 mutation with a low 
Ki67 index), which had the best survival rate, molecular 
grade 2 (wild type FGFR3 and low Ki67 index or mutant 
FGFR3 and high Ki67 index with intermediate survival), 
and molecular grade 3 (wild type FGFR3 and high Ki67 
index), which was associated with poor survival.351-356 
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This study alludes to a future potential for classifying blad- 
der tumors based on molecular makeup. 

The advancements in molecular genetics of bladder 
neoplasms may support a future change to the cur- 
rently proposed 2004 WHO grading system for bladder 
neoplasms.*°”3°8 As more is discovered about the molec- 
ular profiles of the various entities, perhaps a separate 
classification scheme, based on these findings, will eventu- 
ally be used where the specialized testing is available. As 
many papillomas, papillary urothelial neoplasms of low 
malignant potential, and low grade papillary urothelial car- 
cinomas show similar genetic profiles, this may eventually 
change the currently established definitions and once again 
reorganize the process of bladder tumor diagnosis.?57-358 
Establishing the presence of LOH may play a major role 
in these definitions as well. 


Future Perspectives 


Considerable effort has been expended by numerous 
investigators in the search for molecular biomarkers 
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Molecular Pathology of Bladder Cancer 


Overview 


Conventional clinical and pathological parameters are 
widely used to grade and stage tumors and to predict the 
clinical outcome of bladder cancer; the predictive ability of 
these parameters is limited, and there is no index that could 
allow prospective assessment of risk for an individual 
patient. In the last decade, a wide range of candidate 
biomarkers representing key pathways in carcinogenesis 
have been reported to be potentially useful diagnostic 
and prognostic markers, and as potential therapeutic 
targets.!~7 

Recent studies have suggested that urothelial carcino- 
genesis occurs as a “field effect” that can involve any 
number of sites in the bladder mucosa.>-’~!9 Accumulat- 
ing evidence supports the notion that resident urothelial 
stem cells in the affected field are transformed into cancer 
stem cells (CSCs) by acquiring genetic alterations that 
lead to tumor formation through clonal expansion. Both 
initial and recurrent tumors are derived from cancer 
stem cells in the affected field via two distinct molecular 
pathways. These provide a genetic framework for under- 
standing urothelial carcinogenesis, tumor recurrence, and 
progression. 

Fibroblast growth factor receptor 3 (FGFR3) and TP53 
mutations are key to the two genetic pathways in urothelial 
carcinogenesis. FGFR3 appears to be the most frequently 
mutated oncogene in bladder cancer and its mutation is 
strongly associated with low tumor grade, early stage, and 
low recurrence rate, which confers a favorable overall 
prognosis. In contrast, TP53 mutations are associated 
with higher tumor grade, more advanced stage, and more 
frequent tumor recurrences. These molecular findings 
offer the potential to characterize individual urothelial 
neoplasms more completely than by histologic evaluation 
alone. 

Areas in which molecular pathology may prove valuable 
include prediction of tumor recurrence, molecular staging 
of bladder cancer, detection of lymph node metastasis, 
exposure of circulating cancer cells, identification of thera- 
peutic targets, and prediction of response to therapy. With 
accumulating molecular knowledge of bladder cancer, we 
are closer to bridging the gap between molecular findings 
and clinical outcomes. Assessment of key genetic pathways 
and expression profiles could ultimately establish a set 
of molecular markers to predict the biological nature of 
tumors and to establish new standards for molecular tumor 
grading, classification, prognostication, and individualized 
therapy (Fig. 34-1). 
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FGFR3 and TP53 Mutations Define Two 
Key Pathways in Urothelial 
Carcinogenesis 


Current studies indicate that bladder epithelial carcinomas 
arise through at least two separate mechanisms: the 
FGFR3- and TP53 -associated pathways.?~7!'!~!8 Tumors 
derived from these two pathways present as heterogeneous 
groups with distinct phenotypes and genotypes, and with 
drastically different biological behaviors and clinical 
outcomes. There are two classes of urothelial carcinoma 
that harbor distinctive genetic defects: low grade nonin- 
vasive tumors are characterized by activating mutations 
in FGFR3, but high grade urothelial carcinomas are char- 
acterized by genetic or epigenetic alterations in the TP53 
gene!!! or in a TP53 regulation gene, such as p/6.7° 
FGFR3 mutations are usually present in low grade pap- 
illary carcinomas with limited genetic instability, whereas 
high grade urothelial carcinomas are characterized by TP53 
mutation (Fig. 34-2; Tables 34-1 and 34-2),!!1321-28 


FGFR3 Pathway 


FGFR3 mutations were discovered in individuals with 
thanatophoric dysplasia and hypochondroplasia.”°°° These 
mutations seem to mediate opposing signals in different 
tissues, acting as a negative regulator of growth in bone 
and as a transforming oncogene in several epithelial tumor 
types.?™0 Expression of a mutated, constitutively activated 
FGFR3 gene in bladder and cervical cancer was reported in 
1999.31 

FGFR3 is a member of four highly conserved and struc- 
turally related tyrosine kinase receptor genes. It is located at 
chromosome 4p16.3 and is composed of 19 exons spanning 
16.5 kb. It encodes an 806 amino acid protein belong- 
ing to the fibroblast growth factor receptor family. The 
protein consists of an extracellular region, composed of 
three immunoglobulin-like domains, a single hydrophobic 
transmembrane segment, and a cytoplasmic tyrosine kinase 
domain.** The extracellular portion of the protein inter- 
acts with fibroblast growth factors and initiates cascades 
of downstream signals, ultimately influencing cell growth, 
migration, differentiation, and angiogenesis.** Alternative 
splicing between exon 8 and 9 creates two different variants 
of the juxtamembrane Ig-like domain, isoforms FGFR3b 
and FGFR3c. These alternative mRNA splicing forms are 
tissue specific. FGFR3b is the expression form of epithelial 
cells and FGFR3c is expressed predominantly in mesenchy- 
mal cells.*! 
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Figure 34-1 Molecular mechanisms of urothelial carcinogenesis. Molecular alterations contributing to urothelial carcinogenesis 
can be structural or functional chromosomal alterations. The deletion of chromosome fragments, gene mutations, epigenetic 
alterations and recently reported microRNA alterations, are among the most common factors associated with carcinogenesis, and 
biological behavior affect downstream pathways further through loss of cell-cycle control, impaired apoptosis, enhanced 
angiogenesis, telomere dysfunction, genomic instability, insensitive to antigrowth signals, and growth advantages. (From Ref. 7; 


with permission.) 


The signal transduction pathways for FGFR3 receptors 
are shared by many receptor tyrosine kinases. Mutations 
between the IgII and IgIII domains (exon 7) are by far the 
most common, accounting for 50% to 80% of all mutations 
of FGFR3. Mutations affecting the transmembrane domain 
(exon 10) account for 15% to 40%, and those affecting tyro- 
sine kinase 2 domain (exon 15) account for 5% to 10%.” 
Mutations located at exons 5 and 10 often create a novel 
cysteine, which might be responsible for receptor dimeriza- 
tion and tyrosine kinase phosphorylation in the absence of 
ligand, resulting in constitutive activation. 

FGFR3 activation triggers several downstream kinase 
pathways. The most important is the RAS cell cycle 
regulation pathway, which induces mitogenic signals and 
plays a central role in the proliferation and renewal of 
epithelial cells. Therefore, FGFR3 and RAS mutations 
seem to be mutually exclusive, as both may be alternative 


avenues to a similar phenotype.**** Alternatively, activated 
FGFR3 activates phosphatidylinositol 3-kinase (PI3-K), 
which generates specific inositol lipids for regulation of 
cell growth, proliferation, survival, differentiation, and 
cytoskeletal changes. Activated FGFR3 can also trigger 
the signal transducer and activator of transcription (STAT) 
pathway and interacts with proline-rich tyrosine kinase 
2 (PYK2), leading to further STAT pathway activation. 
Experiments indicate that mutations of the FGFR3 gene 
kinase domain can transform NIH3T3 cells as shown by 
focus formation in culture.’ Knockdown of the $294C 
mutation FGFR3 appears to be the most frequently 
mutated oncogene in bladder cancer.3%3136 

FGFR3 appears to be the most frequently mutated onco- 
gene in bladder cancer. Over 70% of low grade noninvasive 
papillary urothelial neoplasms harbor FGFR3 mutations, 
strongly implying that FGFR3 -activating mutation is one of 
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Figure 34-2 Proposed pathways of urothelial carcinogenesis, progression, and metastasis. It is proposed that urothelial 
carcinoma originates from cancer stem cells (CSCs) in the affected field or that tumor cells are distributed in the 
urothelium through a migration-seeding mechanism. CSCs acquire genetic alterations, leading to tumor initiation by clonal 
expansion. CSCs are the source of tumor recurrences as well as synchronous or metachronous multifocal tumors. Two 
distinct pathways are involved in the initial tumorigenesis in cancer stem cells. Papillary neoplasms are thought to develop 
through intermediate steps of hyperplasia or dysplasia, whereas high grade flat lesions are believed to evolve through 
dysplasia/carcinoma in situ. Papillary tumors account for about 80% of all urothelial carcinomas. They are characterized 
by activating mutations of FGFR3 and wild type TP53, and, in general, they are genetically stable. However, these tumors 
may possibly gain further genetic alterations, leading to progression and metastasis (dashed line). High grade flat lesions 
account for about 20% of urothelial carcinomas and are characterized by loss of function mutations of TP53 and intrinsic 
genetic instability. These two pathways provide a genetic framework for understanding urothelial cancers and their clinical 


behavior. (From Ref. 7; with permission.) 


the key genetic events underlying the genesis of low grade 
urothelial tumors.?2~7:'4-!8 Such mutations in urothelial 
carcinoma are frequently found in exons 7, 10, and 15. 
Ranked by frequency, FGFR3 mutations are found on exon 
7 codon 249 (63%), exon 10 codon 375 (18%), exon 7 
codon 248 (9%), and exon 10 codon 372 (6%).°7 Mutation 
of FGFR3 is strongly associated with low recurrence rates 


in superficial papillary bladder cancers (see also Chapters 
29 and 33).5:25:36.38-40 
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It is postulated that mutation in FGFR3 results in 
activation of the RAS—MAPK pathway. Such activation, 
however, has not been proven in all FGFR3 -mutated 
tumors.*34! Most FGFR3 mutations are known to result in 
constitutive activation of the receptor. Evidence suggests 
that FGFR3 mutations give a growth advantage to affected 
cells, but that cell cycle regulation and apoptosis mech- 
anisms remain intact. This may explain the differences 
between indolent and aggressive urothelial cancers, the lat- 
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Table 34-1 Divergent Molecular Pathways in Urothelial 
Carcinogenesis 


FGFR3 Mutation TP53 Mutation 
Chromosome loci 4p16.3 17p13.1 
Exons frequently 7, 10-15 5, 7, & 
involved by 
mutations 
Gene type Oncogene Tumor suppressor 
gene 
Mutation type Activating Loss of function 
mutation mutation 
Molecular Kinase activation Failure of cell 
mechanisms cycle 
regulation, 
DNA repair, 
apoptosis 
Key genes involved Ras, STAT1, PI3K, Rb, p21, BAX, 
cyclin D1 Bcl-2, and 
SIP 
Clinical impact 
Histologic grade Low grade High grade 
Invasion Low risk High risk 
Pathologic stage Low stage High stage 
Recurrence Low risk High risk 
Progression Low risk High risk 


Overall prognosis Favorable Unfavorable 


ter bearing TP53 mutations that cause impaired apoptosis 
and genetic instability. The reported frequency of FGFR3 
mutation in pTa tumors is 70% to 80% and there are 
several specific missense mutations associated with these 
tumors.*?-“+ These mutations are significantly associated 
with tumors of low grade, early stage, and low recurrence 
rate.364344 Urothelial cancer bearing FGFR3 mutation 
confers a better overall prognosis than cancer bearing TP53 
mutation. TP53 mutations indicate a worse prognosis and 
higher recurrence rate.!!:!3:26364045 Conversely, FGFR3 
mutation is detectable in only 10% to 20% of invasive 
tumors. This suggests strongly that FGFR3 -activating 
mutation is a key genetic event in the genesis of low 
grade noninvasive papillary bladder tumors and that this 
event confers no added risk of TP53 mutation.!33645 
Activating FGFR3 mutations are found most frequently 
in grade | tumors (80%), and low grade tumors show a 
strong correlation with FGFR3 expression (Tables 34-1 
and 34-2).*6 


TP53 Pathway 


Alterations of the TP53 tumor suppressor gene play a cru- 
cial role in the carcinogenesis of many tumors, including 
bladder urothelial cancers. The TP53 gene, located at the 
short arm of chromosome 17 (17p13.1), spans 19.2 kb and 
is composed of 11 exons. TP53 encodes a 393 amino 


Table 34-2 FGFR3 and TP53 Mutation Status in Relation to 
Tumor Grade, Pathology Stage, Recurrence, Progression, and 


Overall Survival of the Patients'~? 
FGFR3 TP53 
wte (%) Mu? (%) Wt(%) Mu (%) 
Grade 
G1 18 82 93 i 
G2 35 65 70 30 
G3 78 BY 51 58 
Stage 
pla 23 UI 89 Wi 
pT1 63 37 49 51 
> pT2 8 20 44 56 
Recurrence 67 33} 42 58 
Progression 63 37 44 56 
Overall survival 25 5 70 30 


aWt, wild type; Mu, mutant. 


acid protein (p53) which regulates the cell cycle, DNA 
repair, and apoptosis. The N-terminus of p53 contains sev- 
eral functional domains. The activation domain 1 (amino 
acids 1 to 42) activates transcription of downstream fac- 
tors. Activation domain 2 (amino acids 43 to 63) regulates 
apoptotic activity. The proline-rich domain (amino acids 
80 to 94) is also important in apoptosis. The DNA-binding 
domain (amino acids 100 to 300) activates downstream 
transactivation of other genes. The nuclear localization sig- 
naling domain (amino acids 316 to 325) and the homo- 
oligomerization domain (amino acids 307 to 355) are essen- 
tial for the structure and homing of p53. 

TP53 mutations in cancers are usually missense, loss of 
function mutations occurring in the DNA-binding domain. 
These impair the binding of p53 to its target DNA, reduc- 
ing transcriptional activation of downstream genes. Mutant 
forms of p53 can also dimerize with wild type p53, block- 
ing its function. TP53 mutations induce a series of down- 
stream effects, including decreased expression of p21. This 
important downstream target of p53 is downregulated in the 
majority of urothelial carcinomas with TP53 mutations. 

TP53 mutations are strongly associated with high tumor 
grade, invasive behavior, risk of recurrence, and adverse 
clinical outcome. TP53 mutations are generally mutually 
exclusive of FGFR3 mutations,!!*7 and the rate of TP53 
mutation is twofold higher in high grade urothelial cancers 
than in low grade tumors. However, when assessing 
high grade nonmuscle-invasive tumors, FGFR3 and TP53 
mutations are not categorically mutually exclusive.*® These 
findings are interesting and suggest that doubly mutant 
T1G3 tumors are either at the crossroads of the two main 
molecular pathways or represent progression from low 
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grade papillary tumors to high grade tumors by acquisition 
of TP53 mutations. 


Third Pathway? 


Mutations in the FGFR3 and TP53 genes usually define 
two independent and distinct pathways in superficial pap- 
illary and invasive flat urothelial carcinomas.2 However, 
Lindgren et al. found that 5% of bladder cancers carry 
both FGFR3 and TP53 mutations.*® This led to a proposal 
that there may be a third pathway leading to high grade 
carcinoma.” Others have suggested that this may repre- 
sent the progression of low grade papillary carcinomas by 
acquired TP53 mutation.>? 


Understanding Urothelial Carcinogenesis: 
Methodological Considerations 


Multistep carcinogenesis refers to the accumulation of 
sequential genetic alterations, resulting in the progressive 
disruption of the regulatory circuits controlling normal 
cellular proliferation and differentiation. Tumorigenesis 
is a complex process with multiple molecular alterations 
occurring in various sequences and combinations. Each 
of these alterations confers to the various abilities of the 
cells, such as self-sufficient growth, insensitivity to anti- 
growth signals, evasion of apoptosis, unlimited replication 
potential, sustained angiogenesis, and the development of 
invasion and metastasis.°! The major pathways of carcino- 
genesis involve the inactivation of tumor suppressor genes 
and/or activation of oncogenes. Evidence suggests that 
urothelial carcinomas develop through divergent pathways, 
and they often exhibit a variety of distinct biological and 
morphological characteristics.?~7 

Current approaches to the discovery of genetic alter- 
ations in urothelial carcinomas can be subdivided into those 
that are pathway oriented and those that involve global 
genetic/expression profiling. The molecular pathways in 
urothelial carcinogenesis can be roughly categorized into 
four different levels: (1) chromosomal-level alterations 
including numerical and/or structural anomalies of chro- 
mosomes; (2) gene-level alterations including genetic 
mutation, fragment deletion, amplification, or abnormal 
epigenetic changes; (3) expression alterations; and (4) 
protein-level alterations including increased or decreased 
protein concentration, tumor-associated proteins, and 
fusion proteins (Fig. 34-3). 


Numerical Chromosomal Alterations 


Numerical chromosome aberrations represent changes in 
copy number of various genetic regions. A variety of 
chromosomal aberrations are identified in bladder tumors. 
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These aberrations can be detected by multicolor interphase 
fluorescence in situ hybridization (FISH), single nucleotide 
polymorphism analysis (SNP), or comparative genomic 
hybridization (CGH). The most frequently observed copy 
number aberrations in bladder cancer have been identified 
on chromosomes 1-5, 8—9, 13, 14, 17, 19, and Y (see 
also Chapters 8, 29, 32, and 33) 3:4.6-9,16,17,52—80 

Numerical chromosomal changes have been used widely 
for bladder cancer screening, diagnosis, and prognostica- 
tion. In patients with high risk superficial bladder tumors 
undergoing intravesical therapy, a positive UroVysion test 
after treatment is highly predictive of recurrence, even in 
a multivariate model (see also Chapter 32).8! Recurrent 
tumors developed in 45% of the patients with abnormal 
UroVysion tests compared with 13% of patients with normal 
UroVysion assays after a median followup of 15 months.8? 
Apart from prediction of recurrence, numerical chromoso- 
mal alterations have been proposed for use in categorizing 
bladder cancer into high or low risk groups. The clini- 
cal applications of SNP and CGH are limited since these 
are not readily compatible with many routine pathology 
practice settings. 


Structural Chromosomal Alterations and Allelic 
Imbalance 


Structural alterations involve gains, losses, translocations, 
or more complicated rearrangements of chromosomes, 
resulting in the alteration of DNA copy number at the 
chromosome locus level. Structural chromosomal alter- 
ations may also involve gene regulatory regions, leading 
to locus overexpression or underexpression. These alter- 
ations can be detected by cytogenetics, FISH, restriction 
fragment length polymorphisms (RFLP), microsatellite 
polymorphism analysis, SNP, and CGH.48485 

Microsatellite analysis studies the deletion or instability 
of gene alleles, via loss of heterozygosity (LOH) and 
microsatellite instability analysis. LOH represents the loss 
of a DNA fragment in one allele of a gene, frequently 
a tumor suppressor gene, in which the other allele has 
already been inactivated by mutation. Thus, LOH results 
in complete inactivation of a tumor suppressor gene, 
leading to cell transformation. LOH analysis can be 
done in a locus-specific fashion or in a global fashion 
through SNP. A global analysis may provide information 
on whole genome alterations in gene copy number. 
There is a high correlation of LOH and FISH methods 
for the study of urothelial carcinogenesis.” LOH at 
some microsatellite loci is significantly associated with 
clinical outcomes,®°~?! including tumor recurrence-free 
survival®?° and progression-free survival.” 

Allelic losses of chromosome 2q, 3p, 4p, 5q, 8p, 9p, 
9q, 10q, 11p, 13q, 17p, and 18q are relatively common in 
urothelial neoplasms.>4°~ 916175280 
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Gene panel 


— 


High grade signature 


Low grade signature 


Figure 34-3 The principle of gene expression profile analysis. The basis of this analysis is the differential expression of certain 
genes between normal and tumor cells. mRNA is isolated from normal or cancerous tissue, fluorescence-labeled, mixed, and 
hybridized to a microarray. The expression levels of the genes can be quantified as equal, downregulated or upregulated, and 
represented by different colors, such as yellow, green, or red. Specific expression patterns of individual tumors can be correlated 
with clinical phenotypes such as grade, stage, response to treatment, and clinical outcome, as demonstrated on the right panel. 


(From Ref. 7; with permission.) 


Chromosome 9 

Chromosome 9 alterations are the most common cytoge- 
netic abnormalities in all stages and grades of urothelial 
carcinoma, as indicated by FISH studies, CGH, and array- 
based CGH.!°+77.92-9 Studies have indicated that more 
than 50% of bladder tumors display LOH at chromosome 
9. It appears likely that small deletions become more fre- 
quent, leading to eventual coalescence and further tumor 
progression, even with loss of an entire chromosome in 
some patients. Noninvasive papillary urothelial carcinomas 
typically exhibit loss of either all or part of chromosome 
9. Invasive tumors also have high numbers of gains and 
losses of other chromosomes. 

Chromosome 9 frequently shows LOH in some of the 
earliest stages of urothelial tumorigenesis, as proven by 
cytogenetics, LOH analysis, CGH (comparative genomic 
hybridization), and array CGH.37679:80 Over 50% of blad- 
der tumors have been found to have LOH of chromosome 9, 
regardless of stage and grade.’!-’7-’8 Both 9q and 9p losses 
are present in low grade noninvasive papillary tumors and 
urothelial hyperplasia. Adjacent normal-appearing urothe- 
lium harbors the same LOH of chromosome 9 as the tumor 


does, indicating that somehow LOH of chromosome 9 plays 
a pivotal role in the transformation from benign urothelium 
to tumor.*:’?89 However, loss of chromosome 9 does not 
bias tumor progression toward either tumor development 
pathway (see the discussion above).*”” 

The regions commonly lost on chromosome 9 include 
9p21 [CDKN2A/ARF locus, which encodes for p/6 and 
pl4ARF. These are key cell cycle regulators, which inter- 
act with retinoblastoma (RB) and TP53, respectively], and 
the loci often lost are 9q22 (PTCH, the Gorlin syndrome 
gene), 9q32-—33 (DBC1), and 9q34 (TSC1).°°-*8 A loss 
at 9p21 inactivates CDKN2A (p16), which encodes for 
two spliced products, INK4A and ARF. These products 
induce cell cycle arrest through the RB and TP53 signal- 
ing pathways, respectively.?”:! In many cases, the locus is 
homozygously deleted, and this cancellation has been asso- 
ciated with tumors of both higher grade and higher stage. 
However, there is some discordance between studies, as one 
recent study of homozygous deletion found no association 
with tumor grade and stage.8? 

Several studies have compared chromosome 9 loss and 
FGFR3 mutations by LOH analysis. Chromosome 9 loss 
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usually occurs prior to FGFR3 mutation in the development 
of malignant tumors. FGFR3 mutations, however, tend to 
be detected only in those tumors with a papillary-type con- 
figuration, as compared to those in flat dysplasia and CIS.°° 
Primary CIS and CIS that occur in association with a pap- 
illary tumor may follow different developmental pathways. 
In primary CIS, chromosome 9 loss is infrequent, whereas 
CIS that was identified in association with papillary tumor 
has frequent losses of chromosome 9.!0! 


Chromosome 8 

Mutations and deletions in the short arm of chromosome 8 
may occur in bladder tumors, resulting in decreased expres- 
sion of the secreted frizzled-related protein 1 (sFRP/) gene, 
with resulting diminished signaling within cells. The sFRP1 
gene may be a tumor suppressor gene regulating the Wnt/£- 
catenin contact growth inhibition pathway. Immunohisto- 
chemistry techniques have shown that loss of sFRP1 protein 
expression is associated with a higher stage and grade of 
tumors and a decreased patient survival rate.!°? Some stud- 
ies have reported a sFRP/J gene mutation frequency rate of 
25% to 30% in urothelial carcinomas.! 


DNA Sequence Aberrations 


DNA sequence aberrations (point mutations) are alterations 
in the DNA sequence that may lead to production of non- 
functional or truncated proteins, or modification of DNA 
methylation sites. Mutation analysis has identified hundreds 
of candidate genes mutations that may have functional roles 
in various human cancers.!!:!0%4 

Such sequence alterations can be detected by DNA 
sequencing, utilizing sequence-specific termination of 
the DNA synthesis reaction with modified nucleotide 
substrates. Thus, clinicopathologic features of a tumor 
may be associated with even a single nucleotide mutation. 
Gene mutations frequently associated with bladder cancer 
include loss of function mutations of TP53 and activation 
mutations of FGFR3, which characterize alternative 
genetic pathways in urothelial pathogenesis.''! Tumors 
derived from these pathways present as heterogeneous 
lesions with distinct phenotypes and genotypes, and with 
drastically different biological behaviors and clinical 
outcomes (Tables 34-1 and 34-2),!1:26105 


Microsatellite Instability 


Microsatellite instability indicates that tumor cells accumu- 
late genomic errors in these regions at a much higher rate 
than other sequences in the genome because of defective 
DNA repair mechanisms. These errors appear as gains or 
losses of gene loci and can be detected by examining the 
size of microsatellite repeat fragments, because the num- 
bers of repeats in some microsatellites can change due 
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to defective DNA repair.!°° Microsatellite instability has 
been evaluated as a prognostic marker and associated with 
increased tumor stage and grade.!0” 


Epigenetic Alteration and Gene Methylation 


DNA methylation of cytosine—guanine dinucleotide (CpG) 
islands involves the addition of a methyl moiety to the 
cytosine-5 position at a gene promoter region (see also 
Chapters 29 and 32).47-108-10 This cytosine chemical mod- 
ification alters gene function without changing the base 
sequence of DNA and has been recognized as a common 
alternative mechanism for gene inactivation, especially dur- 
ing the early stages of tumor development. There is grow- 
ing evidence that methylation plays a pivotal role in the 
function of key gene promoters, blocking transcriptional 
activation. As such, alterations in this essential epigenetic 
mechanism may play a role in carcinogenesis.'!? Several 
techniques have been developed to analyze the DNA methy- 
lation pattern, including methylation-specific PCR, methy- 
lation sequencing, and methylation-sensitive endonuclease 
digestion followed by electrophoretic separation. 

Many tumor suppressor genes contain CpG islands and 
show evidence of methylation-specific gene silencing asso- 
ciated with neoplasia. Hypermethylation of CpG islands 
is associated with transcriptional repression, whereas 
hypomethylation may lead to increased gene activity or 
chromosomal instability. Numerous studies have shown 
that epigenetically inactivated tumor suppressor genes are 
associated with carcinogenesis, higher tumor grade,!!! 
more advanced staging,'!!!'!* early recurrence,!!*!!4 
progression,!!>-!!6 and adverse clinical outcome.!!7~!74 
Methylation of CDH1 and FHIT predicted poor survival.!? 

The findings of Jones also suggest that mutations 
in the form of C — T transitions at methylated CpG 
sites are a common result of hydrolytic deamination of 
5-methylcytosine. These C — T transitions commonly 
produce mutations in tumor suppressor genes such as 
TP53 .!” 

The methylation status in a number of genes, including 
E-cadherin, RASSFla, RARB, MGMT, pl6, pl4, DAPK, 
PTEN, CD44, TP53, WTI, BCL2, and hTERT, has 
been particularly associated with bladder cancer. The 
link between aberrant DNA methylation and urothe- 
lial carcinogenesis has been well established. Aberrant 
hypermethylation of the promoter region of hMIH1/, 
O(6)-methylguanine-DNA-methyltransferase, p15, p16, 
von Hippel—Lindau (VHL), RARB, and GSTPI appear 
to play an important role in inactivation of these tumor 
suppressor genes.!!?!!8 CpG hypermethylation is an 
important mechanism of E-cadherin gene inactivation in 
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MicroRNA Deregulation 


MicroRNAs (miRNA) are short noncoding RNA molecules 
that modulate mRNA at the posttranscriptional level. They 
act as tumor suppressors or oncogenes and appear to 
be involved in bladder cancer development and pro- 
gression. The causes of the widespread disruption of 
miRNA expression in tumor cells are not clear; how- 
ever, it has been shown that more than one-half of the 
known human miRNAs reside in genomic regions that 
are prone to alteration in cancer cells.!78 Alterations of 
miRNA-processing genes/proteins and miRNA gene pro- 
moter hypermethylation are both responsible for miRNA 
downregulation.!??~!3! Genome-wide miRNA expression 
profiling can be analyzed by miRNA microarray, enabling 
sensitive and specific detection of miRNAs. Alternatively, 
small-scale miRNA profiling using quantitative RT-PCR 
may be used to measure the clustered miRNA targets. 

Recent evidence suggests that alterations of miRNA 
expression contribute to urothelial carcinogenesis. Distinct 
miRNA alterations characterize urothelial carcinoma 
and target genes in a pathway-specific!?? or tumor 
phenotype—specific manner, predictive of tumor grade,!*? 
disease progression, and clinical behavior. !337136 


Global Analysis of Gene Expression Profiles 


The global approach adopts an all-encompassing strategy 
toward genetic alteration and gene expression by profiling 
the entire coding genome for alterations at the genomic and 
transcriptional levels. Genetic and expression profiling 
can be achieved by CGH, SNP, and microarray-based 
approaches. These high-throughput strategies are based on 
the differences between tumor and reference normal DNA 
or RNA. Global investigation studies focus on panoramic 
alterations in copy number of chromosomal fragments, 
changes in gene expression pattern, and, more recently, 
shift in miRNA profile. In bladder cancer, these techniques 
have allowed the high-throughput mapping of DNA copy 
number alterations.6™!37-138 The resulting patterns of copy 
number alterations have aided in differentiating tumors 
into biologically and clinically relevant subtypes. 
Similarly, it has been suggested that the origin and 
progression of each bladder carcinoma results from accu- 
mulation of specific genetic or epigenetic alterations, the 
overall pattern of which is termed the genetic signature. In 
this context, global analysis resolves both whole genome 
copy number alterations and identifies involvement of 
specific loci. Thus, whole or partial chromosome gains 
and losses, amplifications, and heterozygous deletions 
are easily quantified. The pattern of these alterations 
may have significant clinical implications in relation to 
tumorigenesis, progression, and metastasis.*°~7-!37139- 142 
Such genetic signatures could also be used to classify 


urothelial carcinoma according to stage, grade, biological 
behavior, and clinical outcome. !43~!6 

Gene expression profiling provides a global view of gene 
expression levels in comparison to normal cells of same 
tissue. Commonly used methods include cDNA microarray 
and quantitative PCR. The cost-effectiveness endpoint of 
one investigation was to generate limited gene panels that 
can identify presence or absence of cancer, tumor grade, 
tumor stage, and clinical outcome. !37:!63-165 Translation 
of the expression pattern of a gene panel into clinical 
phenotype with followup for each tumor may facilitate 
more accurate diagnosis and clinical outcome prediction. 
Gene expression signatures that predict aggressive tumor 
behavior at the earliest clinical stages are needed urgently, 
not only to guide ongoing treatment, but also to iden- 
tify targets for developing future treatments. Array-based 
molecular profiling technology enables physicians to obtain 
a more complete picture of gene expression networks 
and to correlate clustering of differentially expressed 
genes with histopathology of various tumors with their 
clinical outcomes. Expression profile analysis is potentially 
useful in determining diagnosis,!© tumor stage,!®7-16° 
tumor grade,!’? presence or absence of CIS,!7!:!7 risk 
of recurrence,!’3~!7° risk of progression,!”>!77!78 risk of 
metastasis,!7”'8° and response to chemotherapy.!8!:!82 

Gene expression profiling of human bladder 
cancers provides insights into mechanisms underlying 
cancer progression and helps to categorize patients 


into distinct clinical subgroups (Table 
34-3), !37,144,150,151,153,160 162,165- 167,171,174,179,180,183— 190 


Proteomics and Protein Expression Alterations 


Proteomics is the global study of including cellular 
proteins, similar to genomics, analysis of protein structures 
and functional alterations in protein activity compared to 
proteins of normal cells of the same type. Investigations 
are focused on the quantity of protein production and 
on modifications of proteins, since these proteins rep- 
resent the metabolic pathways of cells. In recent years, 
five major proteomic technology platforms have been 
employed: two-dimensional gel electrophoresis (2DE), 
surface-enhanced laser desorption/ionization (SELDI), liq- 
uid chromatography mass spectrometry (LC-MS), capillary 
electrophoresis coupled to mass spectroscopy (CE-MS), 
and protein arrays.!?! Proteomic studies reportedly have 
utility in bladder cancer diagnosis,!°?-!** surveillance for 
recurrence, !95-196 prediction of invasive behavior, !97:!%8 
and prediction of outcome.!?7:!? 

Many protein biomarkers have been investigated for 
their role in the development and progression of blad- 
der carcinomas. These markers include the products of 
oncogenes, tumor suppressor genes, cell cycle regulators, 
growth factors, and cell adhesion molecules.2°-293 Some 
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of these protein factors hold considerable promise in the 
assessment of tumor grading, staging, progression, and 
prognostication. Important candidates include p53, Rb, 
p21, p27, Ki67, and E-cadherin.7°+°° 


Combined Biomarkers and Nomograms 


See also Chapters 29 and 32 for further discussion. 


Cancer Stem Cells and Urothelial 
Carcinogenesis 


CSCs comprise 1% to 4% of the viable cells in a malignant 
neoplasm. These cells proliferate through asymmetric 
differentiation and can diversify into heterogeneous cancer 
cell lineages.>?°°-?!" The asymmetric differentiation con- 
cept infers that following cell division, one daughter cell 
retains the capacity to divide again, and the other daughter 
cell possesses genetic plasticity, allowing phenotypic 
variation in the offspring. When tumors arise from CSCs 
or progenitor cells, a specific set of genomic, epigenomic, 
and microenvironmental niche alterations is essential for 
continued clonal expansion. Therefore, each CSC and its 
progeny possess a unique set of genetic, epigenetic, and 
phenotypic features. Urothelial CSCs may be endowed 
with either FGFR3 mutation or TP53 mutations. Although 
purified bladder CSCs have not yet been isolated, many 
studies have observed putative stem cell-like cell popu- 
lations in bladder cancer. These bladder CSCs appear to 
be present in urothelial carcinoma and can be identified 
by their properties of colony formation, self-renewal, high 
proliferation rate, and expression of stem cell-related genes 
(Fig. 34-2).3-7207,208213-215 Genetic alterations of tumor 
stromal cells assist CSCs in their niche, promoting cancer 
development and progression.7!° 

Ben-Porath et al. reported an embryonic stem cell- 
like gene expression signature from bladder cancers.?!4 
Overexpression of some of these CSC genes appeared to 
correlate with an adverse clinical outcome in a microarray 
study of 105 bladder cancers.7!> Yang and Cheng studied 
nine cases of human bladder cancer using DNA array 
and immunohistochemistry panels for 28 stem cell surface 
markers, including EMA and CD44v6. EMA— cells and 
CD44v6+ cells showed properties of colony formation, 
self-renewal, and proliferation, which are characteristic 
of CSCs. These authors concluded that persistence of 
bladder CSCs accounts for most recurrences of human 
bladder cancer.*!> Atlasi et al. investigated the expression 
of OCT4, a progenitor cell marker, in 32 bladder cancers. 
They found that OCT4 is highly expressed in 97% of 
the tumors examined,”!? suggesting the existence of 
transformed progenitor cells in bladder cancer. In support 
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of this, She et al. showed that a side population of cells 
(putative stem cells isolated from bladder cancer) can 
both self-renew and differentiate into nonside population 
cells.7!8 These investigators further proved that these cells 
have colony-forming and tumor-initiating ability,?!® con- 
sistent with CSCs. Hoechst 33342 is the classical method 
to detect CSCs based on the ability of stem cells to efflux 
chemical dyes. Using Hoechst 33342, Oates et al. isolated 
side population cells from urological cancers. These side 
population cells possess enhanced colony-forming ability 
and increased proliferation rate.”!9 

More recently, Chan et al. described the isolation and 
characterization of a tumor-initiating cell subpopulation 
in primary human bladder cancer based on protein 
expression.””° Bladder tumor-initiating cells are char- 
acterized by their ability to induce xenograft tumors in 
vivo that recapitulate the heterogeneity of the original 
tumor. Molecular analysis of more than 300 bladder 
cancer specimens revealed heterogeneity among activated 
oncogenic pathways in tumor-initiating cells (80% Glil, 
45% Stat3, 10% Bmi-1, and 5% #-catenin) and a unique 
bladder tumor-initiating cell gene signature was identified 
by gene chip analysis.*”° It is suggested that differences in 
CSC genetic signatures are is responsible for the variation 
observed in the clinical course of bladder carcinomas, even 
within identical clinical and pathological groups. 

CSCs gain growth advantages and develop into an 
expanding clonal patch with genetically altered daughter 
cells.??! The subsequent clonal expansion gradually 
displaces the normal epithelium to form a field. The 
growth advantage of this genetically altered clonal unit 
is the driving force of the urothelial oncogenic process. 
Tumor development at distant sites within the bladder is 
probably the result of cancer precursors in the affected 
mucosal field. Multifocality or concomitant CIS, a highly 


dysplastic flat precursor lesion, may also indicate field 
disease 2:8:9222,223 


Precursor Lesions of Bladder Cancer 


See Chapters 6 and 7 for further discussion. 


Multifocal Bladder Tumors and Field 
Effects 


Modern carcinogenesis models suggest that malig- 
nancy represents clonal expansion of one or a few 
CSCs in the fields affected.*+7?74-?26 Development 
of multifocal tumors in the same patient, either syn- 
chronously or metachronously, is characteristic of urothelial 
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malignancy.8°67!0.223,227-231 Two theories have been pro- 
posed to explain this frequency of urothelial tumor multifo- 
cality. The monoclonal theory suggests that multiple tumors 
arise from a single transformed cell, which proliferates and 
spreads throughout the urothelium either by intraluminal 
implantation or by intraepithelial migration. The second 
theory, the field effect theory, explains tumor multifocality 
as a development secondary to a field cancerization effect; 
in this scenario, chemical carcinogens cause independent 
initiating alterations at different sites in the urothelial 
lining, leading to multiple genetically unrelated tumors. 

The clonal origin of multifocal bladder carcinomas 
is clinically important for understanding patterns of 
early tumor development and for planning treatment and 
surgical strategies. !0°6710216.222,232,233 The mechanisms 
of multifocality also influence test design for genetic 
detection of recurrent or residual tumor cells in post- 
treatment urine samples. However, there is currently 
no consensus concerning whether multifocal urothelial 
carcinoma is of monoclonal or oligoclonal origin. Many 
studies have suggested a monoclonal origin for multifocal 
bladder cancers,2*4~2*5 but other studies have shown 
an independent origin for some multicentric urothelial 
tumors using similar methods.’%236239,243,244,246-251 A 
recent study suggests that both field cancerization and 
monoclonal tumor spread may coexist in the same patient. 
In this study, molecular evidence supporting an oligoclonal 
origin for multifocal urothelial carcinomas in the majority 
of cases was found, consistent with the field cancerization 
theory for multicentric urothelial carcinogenesis. This 
finding is clinically important because molecular tumor 
development and spread must be considered to develop 
sufficient treatment and surgical strategies, and when 
molecular diagnostic techniques are to be used in the 
detection of recurrent or residual disease. 

Evidence of field cancerization comes from studies on 
head and neck tumors. Multifocal bladder carcinomas are 
postulated to arise in the same manner. In the field cancer- 
ization process, simultaneous or sequential tumors result 
from numerous independent mutational events at different 
sites in the urothelium. These independent transformations 
are a consequence of external cancer-causing influences. In 
support of the field effect theory is the frequent finding of 
genetic instability in normal-appearing bladder mucosa in 
patients with bladder cancer in adjacent urothelium.”>”7°? 
Premalignant changes, such as dysplasia or CIS, are often 
found in urothelial mucosa distant from an invasive bladder 
cancer. Many genetic comparisons and mapping studies of 
urothelial atypia in cystectomy specimens have supported 
the concepts of oligoclonality and field cancerization in 
the development of multifocal urothelial tumors, especially 
in early stage disease. Since the monoclonal and oligo- 
clonal theories of urothelial tumor multifocality are not 
mutually exclusive, various theories have been proposed to 
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combine the two mechanisms. One proposal is that oligo- 
clonality is more common in early lesions, with progression 
to higher stages leading to the overgrowth of one clone 
and pseudomonoclonality.7*+7*4 Thus, early or preneoplas- 
tic lesions may arise independently with a specific clone 
undergoing more successful malignant transformation, and 
subsequently spreading through the urothelium by either 
an intraluminal or intraepithelial dissemination. Although 
tumor multifocality seems to be an oligoclonal phenomenon 
in the majority of cases, there is undeniable support for the 
monoclonal hypothesis in some cases. Another possibility 
is that large areas of urothelium are predisposed by genetic 
instability to transforming events. When a malignant clone 
develops in this field, it triggers full transformation in other 
parts of the mucosa by paracrine or inflammatory mediators. 


Selected Applications 


Early Detection of Urothelial Carcinoma 


See Chapters 29, 30, 31, 32, and 33 for further discussion. 


Molecular Grading 


See Chapter 9 for further discussion. 


Molecular Staging 


Tumor staging is critical in predicting the disease course of 
an affected person.”°> The most common tool that clinicians 
use to predict bladder cancer outcomes is the American 
Joint Committee on Cancer tumor, lymph nodes, and metas- 
tases (TNM) staging system, which offers general outcome 
estimates based on classic pathologic criteria. However, 
the predictive accuracy of TNM staging alone is limited. 
Therefore, nomograms combining molecular markers and 
classic pathologic criteria, as described in the preceding 
section, were developed to improve prediction of clinical 
outcomes after cystectomy. 

Reported studies to date indicate that expression and 
genome profiling of bladder cancers allow reasonably good 
correlations between molecular findings and pathologic 
stage. Stage pTa bladder carcinomas are characterized 
by genetic stability, since they commonly lack TP53 
mutations. Their chromosomal changes are limited pre- 
dominantly to chromosome 9, whereas the majority of pT1 
urothelial carcinomas show increased genetic instability 
with chromosomal changes in 17p, 13q, and 8p.” 

FGFR3 and TP53 mutations are frequently found in 
superficial papillary and invasive disease, respectively. 
Bakkar et al. used denaturing high-performance liquid 
chromatography and sequencing to screen for FGFR3 
and 7P53 mutations in 81 newly diagnosed urothelial 


carcinomas, including 31 pTa, 1 CIS, 30 pTl, and 
19 pT2-T4 urothelial carcinomas. FGFR3 mutations 
were associated with low stage tumors, whereas TP53 
mutations were associated with high stage tumors. In 
pTa tumors, FGFR3mut/TP53 wt (68%) was the most 
prevalent genotype. The next most prevalent genotype 
was FGFR3wt/TP53 wt, found in 29% of tumors. In 
pTl tumors, FGFR3wt/TP53 wt was the most frequent 
genotype (50%), followed by FGFR3 mut/TP53 wt (27%) 
and FGFR3wt/TP53 mut (20%). In pT2—pT4 tumors, 
the FGFR3wt/TP53 wt genotype accounted for 53% of 
cases, and FGFR33 wt/TP53 mut was observed in 42% 
tumors.!? These results demonstrated significant overlap 
with the TNM stages, and molecular staging subcatego- 
rized patients more accurately. Molecular staging, because 
it reflects malignancy inducing changes more directly 
and predicts tumor behavior more closely, may be more 
useful than traditional staging methods. Similar findings 
were reported by Dyrskjot et al., who correlated clinical 
stage with expression microarray analysis in 40 cases of 
bladder cancer. Hierarchical cluster analysis identified 
three main stages: Ta, T1, and T2 to T4, with the Ta 
tumors further classified into subgroups. The expression 
classifier correctly staged 84% of the Ta tumors, 50% of 
the T1 tumors, and 74% of the T2—T4 tumors.!©? 

Chromosomal instability could also potentially be used 
as a staging parameter. An array-based CGH study by 
Blaveri et al. demonstrated significantly elevated copy 
numbers and increased genomic instability with increments 
in stage. Molecular staging was successful in 71% of 
cases, suggesting that identification of genomic instability 
independently enhances the accuracy of molecular staging 
of bladder cancer.!37 

Expression microarray analysis could further classify 
bladder tumors into more homogeneous and clinically 
relevant molecular expression subgroups. Blaveri et al. 
characterized the global mRNA array patterns of 80 bladder 
tumors, nine bladder cancer cell lines, and three normal 
bladder samples by gene expression profile. Unsupervised 
hierarchical clustering successfully classified the samples 
into two subgroups containing superficial (pTa and pT1) 
versus muscle-invasive (pT2—pT4) tumors. Supervised 
classification had a 91% success rate, separating superficial 
from muscle-invasive tumors based on expression of a 
gene panel. Tumors could also be classified into transitional 
versus squamous subtypes (89% success rate) and good 
versus bad prognosis (78% success rate).!®8 

More recently, Simonetti et al. reported that polysomy 
17 was related to the stage of bladder cancer. FISH results 
demonstrated polysomy 17 in 8/32 of Ta tumors, 14/18 of 
T1 tumors, and 13/13 of T2—T4 tumors.” miRNAs are 
thought to play roles in cancer development, differentiation, 
and progression. Specific groups of miRNAs are differen- 
tially expressed in various cancers and may influence tumor 
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phenotype and behavior. However, the specific role of 
miRNAs in the metastatic process is largely unknown. In a 
study of miRNAs in bladder cancer, Veerla et al. performed 
miRNA profiling on 34 urothelial carcinomas.!”? Unsuper- 
vised hierarchical clustering using expression information 
for 300 miRNAs produced three major clusters of tumors, 
corresponding to Ta, T1, and T2—T3 tumors. miR-452 was 
shown to be overexpressed in node-positive tumors. 


Molecular Detection of Lymph Node Metastasis 


Approximately 25% of patients undergoing radical cys- 
tectomy with pelvic lymph node dissection are found to 
have lymph node metastases.”>?© The presence of lymph 
node metastases is predictive of poor clinical outcome. 
Molecular markers enable the detection of micrometastatic 
disease with high sensitivity and specificity, and could 
potentially guide therapeutic decision making. Seraj et al. 
analyzed lymph nodes from 19 cystectomy cases for the 
presence of uroplakin IT (UPI) mRNA and found that 17% 
of pT2NO tumors had molecularly positive lymph nodes, 
and 67% of lymph nodes from pT3—4N0 bladder cancers 
were also molecularly positive. When molecular findings 
are taken into consideration, 25% of microscopically 
negative lymph nodes appear to harbor metastases.7°! 
Other investigators have reported similar findings. Retz 
et al. found that 29% of microscopically negative lymph 
nodes from 17 cystectomy specimens showed positivity for 
MUC7, whereas lymph nodes from 20 control specimens 
were MUC7 negative.*© Wu et al. studied 19 cystectomy 
specimens with lymphadenectomy, performing RT-PCR 
analysis for UPII and cytokeratin (CK) 20 mRNA on 
the bladder primary tumor, on microscopically identified 
lymph node metastases, and on microscopically negative 
lymph nodes. The UPII and CK20 mRNA detection rates 
were 100% and 68%, respectively, in bladder cancer 
tissues, 94% and 57% in microscopically visible lymph 
node metastases, and 10% and 0% in microscopically 
negative lymph nodes. Further in vitro studies illustrated 
the sensitivity of RT-PCR analysis for UPII and CK20 
mRNA, with detection of as few as 50 and 500 HT1197 
bladder cancer cells, respectively.2°* In another study, 
histopathology detected 29 positive lymph nodes, expres- 
sion of CK19 detected a total of 49 positive lymph nodes, 
and expression of UPII detected a total of 98 positive 
lymph nodes among 760 lymph nodes from 40 patients. 
A study using RT-PCR by Marin-Aguilera et al. 
analyzed the expression of FXYD3 and KRT20 in histo- 
logically negative lymph nodes from 102 bladder cancer 
patients. They found that their combined expression differ- 
entiated between positive lymph nodes and normal controls 
with 100% sensitivity and specificity. The expression of 
both genes identified urothelial tumor cells in 21% of 
patients with histologically negative lymph nodes.?®5 
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Molecular Detection of Circulating Cancer Cells 


Circulating tumor cells (CTCs) originate from the primary 
tumor, migrate to distant body sites through the blood- 
stream, and, at times, establish new colonies at these sites, 
eventually growing into detectable metastases. The pres- 
ence of CTCs in whole blood before and during radical 
cystectomy has been evaluated as a parameter for determin- 
ing the need for adjuvant or perioperative chemotherapy, 
but the results and conclusions gained from these stud- 
ies have been contradictory and inconclusive.27° It is 
notable that mobilization of tumor cells from the primary 
site is necessary but not sufficient to produce distant metas- 
tases. 

Attempts at molecular detection of CTCs in the blood 
have been hampered by a paucity of molecules specific 
to urothelial cancer. Immunodetection relies on antibodies 
specifically chosen to attach to bladder cancer cells, such as 
certain cytokeratins, uroplakin, or MUC7. A major concern 
is that such detection methods may lack sufficient sensitiv- 
ity and specificity for bladder cancer tumor cells. 

Using the CellSearch system, Gallagher et al. analyzed 
peripheral blood from 33 patients with metastatic bladder 
carcinomas. Fourteen of 33 patients had a positive assay, 
with 10 patients (31%) having five or more CTCs. The 
number of CTCs detected in patients with two or more 
metastatic sites was significantly higher than the number 
detected in patients with fewer metastatic sites. The authors 
concluded that CTC numbers may be useful indicators of 
metastasis risk.7° 

In another CellSearch study of metastatic and non- 
metastatic urothelial cancers, circulating urothelial cancer 
cells were detected in eight of 14 patients with distant 
metastasis, but none were detected in patients with non- 
metastatic urothelial cancers, further suggesting that CTCs 
correlate with an increased risk of metastasis.7° 

Currently, the use of PCR-based technologies to detect 
CTCs in the blood is a field of intense investigation. 
Several bladder cancer cell markers, such as UPII,2”° 
CK20, EGFR,2”! and MUC7,2” have been analyzed as 
candidate detection molecules. The sensitivity of these 
techniques is well documented, but their specificity for 
diagnostic purposes remains debatable. Peripheral blood 
of 62 patients was studied by nested RT-PCR assay 
for uroplakins (UP) Ia, Ib, II, IH, and for EGFR. The 
combination of UPIa/UPII detected 75% of the CTCs, with 
a specificity of 50%.?”° In the study of Kinjo et al., MUC7 
positivity was detected in all bladder cancer cell lines, in 
11 of 29 (38%) peripheral blood samples from patients 
with Ta and T1 bladder cancer, and in seven of nine (78%) 
patients with advanced stage bladder cancer (> 1T2).7”4 
These findings suggest that amplification techniques may 
be useful for combining markers and for eliminating 
subjective bias from immunodetection methods. 
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Molecular Classification 


Most carcinomas that arise in the epithelium lining the 
urinary tract are purely urothelial. However, urothelial 
carcinoma tends to exhibit remarkable morphologic plas- 
ticity and frequently demonstrates divergent morphology 
with glandular, squamous, small cell, neuroendocrine, 
lymphoepithelioma-like, sarcomatoid, or other elements.”’> 
Different histologic grades are often observed in the same 
tumor.’’° Accurately distinguishing the various morpho- 
logic subtypes from one another is sometimes difficult, but 
clinically important because optimum treatment may vary 
from one tumor morphologies type to another. A number of 
unusual bladder tumors have been shown to be histogenet- 
ically of urothelial origin: sarcomatoid carcinoma,”!7?77 
clear cell adenocarcinoma,” lipoid carcinoma,’ and 
plasmacytoid urothelial carcinoma.”’?78° These additional 
components may exhibit biologic behavior different from 
that of the underlying urothelial carcinoma. However, in 
some such cases, differential diagnostic considerations 
must include the possibility of direct extension of a 
contiguous cancer of another organ or metastasis from a 
distant cancer. Clearly, this distinction is important for 
prognostic and therapeutic reasons. 

The relationship between urothelial carcinoma and asso- 
ciated divergent elements has been investigated recently. 
Urothelial carcinomas with divergent differentiation are rel- 
atively uncommon, and the histogenesis of these divergent 
components is incompletely understood. Two principal the- 
ories have been proposed to account for their development. 
One theory is that they develop initially as monoclonal pro- 
liferations derived from a single multipotent undifferentiated 
CSC, subsequently diverging into morphologically distinct 
components. As a part of the CSC theory, this concept is 
based on the premise that only 1% to 4% of tumor cells are 
capable of initiating and sustaining neoplastic growth and 
forming a tumor and that progenitor cells from these are the 
source of divergent elements. The second theory proposes 
that the two dissimilar components are similar only in their 
location and synchrony, developing independently from 
two separate CSCs of different histologic types. Histologic 
support for the divergence theory focused on identification 
of a “transition zone” between the histologically dissimilar 
areas to indicate evolution from a monoclonal origin. 

In recent years, a number of molecular investiga- 
tions have focused on ascertaining the true relationship 
between urothelial carcinoma and its various putative 
divergent elements.’ Armstrong et al. studied a series 
of 17 sarcomatoid carcinomas using single-strand con- 
formation polymorphism, DNA sequencing, and p53 
immunohistochemistry to clarify their clonal origin.” 
The results showed that five of the 17 sarcomatoid 
urothelial carcinomas contained 7TP53 point mutations 
in exons 5 and 8. In each of these five cases, the TP53 


point mutations were identical in both the epithelial and 
sarcomatoid components. Despite conspicuous divergence 
at the phenotypic level, the sarcomatoid and carcinomatoid 
elements of this uncommon tumor apparently develop 
from a common progenitor cell. The study of Sung et al. 
supported this notion.'’ Cumulative evidence suggests 
that sarcomatoid carcinoma represents the final common 
pathway of urothelial carcinoma dedifferentiation.© This 
understanding of phenotypic plasticity implies a new 
understanding of the relationship between grade, subtype, 
cancer recurrence and progression. 

More recently, Cheng et al. examined five polymorphic 
microsatellite markers in 20 patients with small cell car- 
cinoma of the urinary bladder and concurrent urothelial 
carcinoma. A nearly identical pattern of allelic loss was 
observed in the two tumor types in all cases, with an over- 
all frequency of allelic loss of 90% (18 of 20 cases). Three 
patients showed different allelic loss patterns in the two 
tumor types at a single locus; however, the LOH patterns at 
the remaining loci were identical. Moreover, the same pat- 
tern of nonrandom X chromosome inactivation was present 
in both carcinoma components in the four female cases ana- 
lyzed. Concordant genetic alterations and X chromosome 
inactivation between small cell carcinoma and coexisting 
urothelial carcinoma suggest that both tumor components 
originate from the same cells in the urothelium but may 
subsequently undergo genetic divergence.*® 

cDNA microarrays containing human gene elements 
were used to characterize the global gene expression 
patterns in 74 urothelial carcinomas, six squamous cell 
carcinomas, nine bladder cancer cell lines, and three nor- 
mal bladder controls. Prediction analysis for microarrays 
classified five of six squamous cell carcinoma and 42 of 
47 urothelial carcinomas correctly for an overall success 
rate of 89%.'®8 Such data may open new understanding of 
acquired or concurrent divergent phenotypes. 

In contrast, numerical chromosomal alterations do not 
efficiently separate urothelial and nonurothelial tumors (see 
Chapters 29, 30, and 32). Reid-Nicholson et al. using 
UroVysion FISH analyzed 31 nonurothelial bladder carci- 
nomas, 12 pure urothelial carcinomas, and two urothelial 
carcinomas with squamous differentiation. The study found 
that 11% of squamous carcinomas and 79% of primary and 
secondary adenocarcinomas were UroVysion-positive, com- 
pared to 75% of urothelial carcinomas.7*! It is unclear at 
this time whether urothelial adenocarcinoma and squamous 
cell carcinoma arise by clonal evolution or by unrelated 
events. 


Targeted Therapy 


In the management of bladder cancer, there is considerable 
interest in targeted therapy,”78?-?87 due to the poor 
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overall response to cytotoxic chemotherapy in patients 
with metastatic disease.7°? The goal of “personalized 
medicine,” prescribing the appropriate treatment regimen 
for each patient’s tumor, may be achievable by selecting 
specific sets of biomarkers based on their ability to predict 
effective therapy according to the knowledge of urothelial 
carcinogenesis. Identifying markers that predict patients at 
risk for recurrence or progression after radical cystectomy 
is a high priority; identifying molecular biomarkers that 
have potential to identify specific therapeutic targets might 
be most beneficial even if only a few patients qualify for 
each specific therapy. The increasing availability of novel 
targeted therapies offers the possibility of individualized 
treatment for bladder cancer patients. 

FGFR3 may be useful as a target for future therapeutic 
strategies, since it is a tyrosine kinase receptor. S249C is a 
mutation that induces disulfide bonding in the extracellular 
domain of FGFR3b, which then autophosphorylates the 
intracellular kinase domain and causes increased and 
prolonged activation of the FGFR3 receptor.7®°-7°3 When 
this mutation was knocked down by FGFR3 shRNA, an 
inhibition of proliferation was found specific to tumor 
cells. Additionally, the tumor cell line MGH-U3 expresses 
Y375C mutant FGFR3, and when these cells were treated 
with the small molecule inhibitor SU5402 or siRNAs, there 
is reduced receptor phosphorylation, reduced proliferation, 
and reduced colony formation in soft agarose. Other 
target molecules include SU6668, PD173074, and CHIR- 
258.789-293 In the experimental therapeutics for multiple 
myeloma (another disease in which mutations of FGFR3 
occur), human single-chain Fv antibody fragments have 
been isolated that inhibit FGFR3 signaling and halt cell 
proliferation.”8°-?% Similar studies of bladder tumors have 
discovered that similar antibody fragments (particularly 
those to FGFR3c) block proliferation of epithelial tumor 
cells (specifically those of tumor cell line RT112, which 
inherently expresses high levels of FGFR3). 

Als and colleagues performed Affymetrix GeneChip 
expression profiling analysis on 30 patients with bladder 
cancer. Fifty-five genes that correlated with survival time 
after chemotherapy were identified. Increased expression 
of two proteins, emmprin and survivin, was identified 
as an independent prognostic marker for poor outcome. 
The significance of the proteins was validated by sub- 
sequent studies of 124 patients treated with cytotoxic 
chemotherapy. The median survivals were 18.7 and 9.7 
months, and the five-year survivals were 23% and 15% for 
emmprin-negative tumors versus emmprin-positive tumors, 
respectively. The median survival time for survivin was 
18.4 months versus 9.8 months, and the five-year survivals 
were 28% and 5% for negative and positive tumors, 
respectively. !8? 

The results of a study of 35 patients with high risk 
nonmuscle-invasive bladder cancer treated with bacillus 
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Calmette—Guérin (BCG) mitomycin C, anthracyclines, and 
gemcitabine after transurethral bladder tumor resection 
found that response to specific therapies correlates with 
the molecular characteristics of each tumor. In the study of 
Gazzaniga et al., molecular chemosensitivity profiles were 
constructed according to the BCL2/BAX ratio, survivin 
expression, and the expression status of MRP1-MRP2, 
hENT-dCK, and @5f1 integrin. The chemosensitivity 
test accurately predicted response to treatment in 96% of 
patients.?"4 

In the study of Takata and colleagues, 22 patients with 
bladder cancer were investigated to predict the efficacy 
of combined methotrexate, vinblastine, doxorubicin, and 
cisplatin (M-VAC) neoadjuvant chemotherapy for invasive 
bladder cancers. A 14-gene profile predicted clinical 
response correctly in 19 of 22 tested cases. The group of 
patients with positive predictive scores had significantly 
longer survival times than those with negative scores.!86 

In summary, current pathology practice, diagnosis, and 
surveillance for bladder cancer are heavily dependent upon 
cystoscopy with biopsy, urine cytology, and a few select 
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Acidic fibroblast growth factor, 687 
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of ectopic prostatic tissue, 73 
urothelial carcinomas with, 62, 63, 267—268 
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Actin. See Muscle-specific actin; Smooth muscle 
actin (SMA) 
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urinary cytology and, 627 
Acute inflammatory cells, 435 
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of the bladder, 400 
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299-300 
differential diagnosis of, 286 
endocervical, 77 
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histologic patterns of, 285 
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metastatic prostatic, 52 
minimal deviation, 77 
with mixed patterns, 298 
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primary, 51 
prostatic, 62, 63, 87—90, 94 
putative precursors/variants and, 283—303 
of the renal pelvis, 596 
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urachal, 51, 298—301 
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urinary cytology and, 640 
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Adenocarcinoma, not otherwise specified (NOS), 
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villous and tubulovillous, 92—94 
Adenosarcoma, miillerian, 453 
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Adenovirus-associated hemorrhagic cystitis, 439 
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Adjuvant chemotherapy, 368, 683 
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molecular characteristics of urothelial 
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Adults, rhabdomyosarcoma in, 444 
AE1/AE3 immunoreactivity, 367, 489 
AE1/AE3 markers, 449, 555, 557, 558, 559 
AE1/AE3 staining, 264, 265, 340, 347, 361, 
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Aerobacter aerogenes, 26 
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Aggressive neoplasms, 442 
Aggressive urothelial cancers, 710—711 
Alcohol consumption, 139 
ALK-1 expression, 427. See also Anaplastic 
lymphoma kinase (ALK) protein 
ALK-1 immunoreactivity, 412 
ALK-1 immunostaining, 435, 444 
in IMT diagnosis, 432 
ALK gene rearrangements, 427, 434 
Alkylating agents, urinary cytology and, 630 
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Allelic deletion fingerprinting, 667 
Allelic imbalance, 712 
Allelic loss, 721 
Allergic eosinophilic cystitis, 25 
a-fetoprotein (AFP) staining, 291 
a-methylacyl-CoA racemase (AMACR), 555 
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Alveolar rhabdomyosarcoma, 410, 414, 445 
Alveolar soft part sarcoma, 453—454 
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American Joint Committee on Cancer TNM 
staging system, 718 
Amphophilic cytoplasm, 143 
Amyloid A (AA), 80, 81 
Amyloid deposit, 81 
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Amyloid fibrils, 80 
Amyloidosis, 80-81 
Analgesic abuse, 514 
Analgesic use, 139 
Anaplasia, 164 
Anaplastic carcinoma, 312 
Anaplastic cells, 265 
Anaplastic lymphoma kinase (ALK) protein, 
362, 558. See also ALK-1 entries 
expression of, 424—425 
IMT molecular genetics and, 427—430 
inflammatory myofibroblastic tumor and, 
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Anaplastic plasmacytoma, 467 
Anatomy, of the bladder, 2—3 
Ancillary immunohistochemistry, 546 
Androgen deprivation therapy, 500 
Aneuploid factor, 680 
Angiogenesis, 686 
vessel density and, 689-690 
Angioleiomyomas, 436 
Angiomyolipoma, 489 
Angiomyxoma, 453 
Angiosarcoma, 439, 445, 446, 447, 448 
Anomalies. See also Atypia 
of renal pelvis and ureter, 582—583 
of urachus, 568—570 
of urethra, 583 
Antineoplastic agents, 508 
Anti-THP antibody, 81 
Apex of bladder, 2 
Apomucin expression, 244 
Apoptosis, altered molecular mechanisms of, 
613-616 
Apoptotic bodies, 314 
Apopyosis markers, 681-682 
Arias—Stella reaction, 78 
Aromatic amines, occupational exposure to, 139 
Array-based molecular profiling, 715 
Array-based molecular profiling technology, 
612 
Arteriosclerotic changes, from radiation therapy, 
518 
Ascaris lumbricoides, 629 
ASPL-TFE3 fusion protein, 453 
Asymmetric differentiation, 149 
Atrophic endometriosis, 79 
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Atypia, 100. See also Anomalies; Congenital 
anomalies; Cytologic atypia 
cellular features of reactive, 633 
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differential diagnoses of urothelial, 629 
distinguishing dysplasia and carcinoma in 
situ from, 550-551 
flat urothelial lesions with, 99, 104—109, 590 
intravesical therapy—associated, 514 
inverted papilloma with, 385—388 
from mitomycin C therapy, 512, 513, 514 
nuclear, 102 
radiation-induced urothelial, 129 
from radiation therapy, 516-517 
reactive, 128 
therapy-related, 128 
urothelial, 100, 718 
Atypia of unknown significance, 100-102, 103, 
104 
Atypical granular cell tumors, 494 
Atypical multinucleated giant cells, 410 
Atypical nephrogenic metaplasia, 60, 62 
Atypical papillary urothelial hyperplasia, 65 
Atypical stromal cells, from radiation therapy, 
518, 519 
Atypical stromal myofibroblasts, 72 
Atypical urothelial proliferations, clinical 
outcomes related to, 108 
Augmentation cystoplasty, 242—244 
Augmentation cystoplasty patients, 
clinicopathologic and molecular 
characteristics of urothelial carcinoma in, 
474 
Augmentation cystoplasty 
complications of, 472 
urothelial carcinoma following, 471—484 
Augmentation cystoplasty mucosa, genetic 
abnormalities in, 482—483 
Autocrine mortality factor (AMF-R), 691 
Autoimmune diseases, 37 
Autoimmune etiology, 425 
Azzopardi phenomenon, 324—325 


Bacillus Calmette—Guérin (BCG), 33, 34, 120. 
See also BCG entries 

Bacteria, effect on urinary tract epithelium, 
626-627 

Bacterial cystitis, 18 

Basal cells 

in urinary cytology specimens, 625 
urothelial, 5, 6 

Basaloid squamous cell carcinoma, 308, 
312-314 

Basement membrane, 5 

Basement membrane complexes, 
high-molecular-weight, 660-661 

Basic fibroblast growth factor, 687 

BAX protein, 681 

B-cell lymphoma, 464 

BCG-induced granulomatous cystitis, 33, 34, 
508. See also Bacillus Calmette—Guérin 
(BCG) 

BCG intravesical treatment, 659 

BCG therapy, 129, 254 
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effects of, 514, 515, 630, 634 
Bcl-2 expression, 5, 14 
BCL2 immunoreactivity, 681 
BCL-XL, 681 
BCL-XS, 681 
Beckwith- Wiedemann syndrome, 72 
in children, 403—404 
Benign cellular changes, overdiagnosis of, 640 
Benign epithelial lesions, in children, 403—404 
Benign epithelial tumors, 85—97 
of the urethra, 597 
Benign glandular epithelial neoplasms, 284 
Benign glandular proliferative lesion, 268 
Benign granular cell tumors, 493 
Benign lesions, 71, 82, 583-589 
Benign neoplasm, inverted papilloma as, 384 
Benign proliferative urothelial lesions, 
pseudoinvasive nests of, 206 
Benign soft tissue tumors, 435—442 
of urachus, 572 
Benign tumors, urinary cytology and, 632 
Benign urachal neoplasms, 568, 571-572 
differential diagnosis of, 571—572 
Benign urothelial neoplasms, 90-91, 590 
#-catenin expression 
in diagnosing glandular tumors, 554 
urachal adenocarcinoma and, 575 
in urothelial carcinoma following 
augmentation cystoplasty, 479 
-pleated proteins, 80, 81 
Bilharzia, 629 
Bilharziasis-associated cystitis, 33-35, 36 
Binucleate cells, in urinary cytology specimens, 
624 
Biomarker—nomogram combinations, 692 
Biomarkers. See also Combined biomarkers; 
Markers 
cell-based, 656 
diagnostic and predictive, 129-130 
for establishing tumor origin, 502 
future perspectives on, 683 
impact on classification of bladder tumors, 
692-693 
protein-based, 666 
selecting, 721 
tissue-based, 656, 679-706 
urine, 665 
urine-based, 655—678 
value of, 186 
Biopsy findings, urinary cytology and, 638 
Biopsy report, 530—532 
Biopsy specimens 
embedding tissues from, 527 
handling, 526-528 
protocol for examining, 533-534 
reporting, 532 
Biphasic tumors, 357, 359, 557 
Bizarre stromal cells, 206 
BK virus, effect on urinary tract, 629 
BK virus infection, systemic cyclophosphamide 
treatment and, 510, 511 
Bladder. See also Urinary bladder 
apex of, 2 
breast cancer involvement in, 503 
cervical cancer extension to, 503 


colorectal adenocarcinoma extension to, 
498-500 
female genital tract carcinoma extension to, 
503 
inflammatory and infectious conditions of, 
17-44 
melanosis of, 79—80 
normal anatomy and histology of, 1-16 
papilloma of, 86—90 
polypoid lesions of, 72-75 
primary paraganglioma of, 343-346 
prostate adenocarcinoma extension to, 
500-503 
rupture of, in children, 403 
secondary invasion of, 308 
squamous cell carcinoma extension to, 503 
squamous cell carcinoma of, 306, 307, 308 
subepithelial connective tissue of, 208 
Bladder adenocarcinoma, 400 
in children, 416 
differential diagnosis of, 286 
urachal adenocarcinoma and, 575-576 
Bladder agenesis, 400 
Bladder augmentation, 139 
Bladder augmentation surgery, 472 
Bladder biopsy, 22—23, 402 
Bladder biopsy specimens 
handling, 526-528 
reporting on, 527, 530—532 
Bladder calcification, 34 
Bladder calculi, in children, 403 
Bladder cancer, vii. See also Bladder carcinoma; 
Bladder tumors 
aggressiveness of, 138 
clinical features and natural history of, 
140-142 
detection of, 656 
early detection of, 618 
epidemiology and risk factors for, 138—139 
evaluation and management of, 140 
field cancerization and tumor multicentricity 
in, 148-149 
field effect and cancer stem cells in 
recurrence of, 617-618 
gene expression profiling of, 612—613 
gene expression profiling studies in, 716 
gene expression signature for predicting 
recurrence of, 612—613 
general features of, 137-159 
genetic predisposition to and syndromic 
associations with, 139—140 
grading of, 161-191, 708 
high recurrence rate of, 114 
histologic variants of, 559-562 
management of, 721 
molecular markers in, 680—681 
molecular pathology of, 707—733 
molecular pathways identified in, 610 
morphological variations in, 266—271 
mortality rate of, 138 
multifocality of, 148, 149 
nonmuscle invasive, 140 
origin of, 149-150 
overstaging, 8 
radiation-induced, 519 
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RB alterations in, 685 
recurrence rate of, 141—142 
risk factors for, 680 
schistosomiasis-induced, 33-35 
serum markers as predicting recurrence of, 
617 
squamous differentiation in, 503 
stages of, 145, 217—237, 708 
Bladder cancer cell markers, 720 
Bladder cancer detection, urine markers for, 657 
Bladder cancer incidence, 138 
Bladder cancer recurrence, 130 
research on, 613 
urine cytology and, 618 
Bladder cancer reports, 530 
Bladder cancer stem cells, 149—150, 717 
Bladder cancer treatment, effects of, 508—523 
Bladder carcinogenesis, field effect theory of, 
133 
Bladder carcinoid tumor, 339 
Bladder carcinoma, 6—7. See also Bladder CIS; 
Bladder epithelial carcinomas 
grading of invasive, 174 
malignant components of, 356 
origin and progression of, 612, 715 
subclasses of, 612 
TNM 2010 classification of, 220 
Bladder carcinoma staging diagram, 219 
Bladder CIS, 117 
Bladder diverticulum, 75, 400, 401 
Bladder duplication, 400 
Bladder epithelial carcinomas, mechanisms of, 
708, 709 
Bladder exstrophy, 400 
Bladder hemangioma, 437—439 
differential diagnosis of, 439 
Bladder lesions, 29, 40 
from radiation therapy, 515 
Bladder lymphoma, 462—466 
etiology of, 464 
Bladder metastases, 498 
Bladder neoplasms, 33 
advances in molecular genetics of, 692-693 
Bladder neurofibroma, 346—348 
differential diagnosis of, 347 
treatment of, 347—348 
Bladder obstruction, congenital, 401 
Bladder paraganglioma, 263 
in children, 416 
Bladder PEComas, 489-493, 559, 560. See also 
Perivascular epithelioid cell tumors 
(PEComas) 
Bladder sarcomas, 455 
Bladder specimens, handling and reporting of, 
525-544 
Bladder tumor-initiating cells, 717 
Bladder tumors 
biomarkers and classification of, 692—693 
classifications of, 162 
frequencies in childhood, 407 
multifocal, 717-718 
with inverted growth, 383-398 
with plasmacytoid cells, 467 
Bladder urothelial carcinoma, 140 
Bladder urothelial mucosa, colonization of, 499 


Bladder wall, 6—10 
Bladder washing, 636-638 
Blood supply, to bladder, 2 
Blood vessels, thick-walled, 7-8 
Blue cell tumors 
differential diagnosis of, 556 
immunohistochemical profiles of, 342 
Bonney blue, chemical cystitis from, 519 
Bostwick, David G., vii 
Botryoid embryonal rhabdomyosarcoma, 
409-410, 414, 444, 445 
Botryoides-type rhabdomyosarcoma, 73 
Breast, secondary lobular carcinoma of, 
503-504 
Breast-invasive micropapillary carcinoma, 504 
Brenner tumors, 559 
Broad-front growth pattern, urothelial carcinoma 
with, 206 
Brunn buds, 46. See also von Brunn entries 
BTA (bladder tumor antigen), 656, 660—663 
BTA test, sensitivity of, 660-663 
BTA TRAK test, 661 
Bulbourethral gland carcinomas, 601 
Bulbourethral glands, 13 
Bulky invasive urothelial carcinoma, 144 
Bullous cystitis, 18, 19 
Burkitt lymphoma, 464 
Busulfan, urinary cytology and, 630 
Busulfan-induced hemorrhagic cystitis, 514 


CA125 expression, 250, 555 
CA125 marker/stain, 79, 253 
Calcifications 
submucosal, 82 
urachal adenocarcinoma and, 573 
Calcium oxalate crystal deposit, 81—82 
Calcium oxalate crystals, in urine, 627 
Calculi, 651 
in children, 403 
urinary cytology and, 629 
CAMS.2 staining, 264, 265, 330, 340, 347, 361, 
435, 444, 555, 559 
in diagnosing neuroendocrine tumors, 556, 
557 
Cancer. See also Bladder cancer 
benign mimics of, 583-589 
diverticular, 75 
Cancer heterogeneity, grading and, 177 
Cancer management, 618 
Cancer model hypothesis, 617 
Cancer recurrence 
from PUNLMP, 172 
theme for predicting, 613 
Cancer-specific hypermethylation, 667 
Cancer-specific mortality, 230 
Cancer-specific survival, 537, 541 
Cancer stem cells (CSCs), 149-150, 708, 717 
as bladder cancer recurrence predictors, 
617-618 
epithelial-to-mesenchymal transition and, 374 
tumors derived from, 150 
urothelial carcinomas from, 150 
Cancer stem cell theory, 720 
Cancer survival rates, ten-year specific, 220, 221 


Candida albicans, 26, 37 
effect on lower urinary tract, 627, 628 
Candida cystitis, 37-38 
Capillary hemangioma, 407, 437-438 
Carcinoembryonic antigen (CEA), 133, 290, 
292, 298, 555 
Carcinoembryonic antigen immunostaining, 666 
Carcinogenesis, 370 
molecular events involved in, 183 
molecular pathway of, 596 
Carcinogenesis mechanisms, 152 
Carcinogenesis models, 149, 374 
Carcinoid tumor, 338—339, 557, 603, 604 
Carcinoma. See also Bladder carcinoma; 
Urothelial carcinomas (UCs) 
clear cell, 62, 63 
defining, 169 
low-grade noninvasive, 169 
lymphoepithelioma-like, 260—262 
noninvasive papillary urothelial, 713 
osteoclast-rich undifferentiated, 264—265 
pleomorphic giant cell, 265—266 
tetraploid low-grade, 665 
of the urethra, 597—603 
Carcinoma diagnosis, psychosocial burdens of, 
174 
Carcinoma in situ (CIS), 599. See also 
Urothelial carcinoma in situ (CIS) 
cellular features of, 633 
distinguishing reactive atypia and dysplasia 
from, 550-551 
with glandular differentiation, 284—285 
pagetoid spread of, 315 
Carcinoma in situ (CIS) lesions, 100, 104, 109, 
114 
Carcinoma in situ with microinvasion (CISmic), 
199, 201, 202 
Carcinosarcoma, 355. See also Sarcomatoid 
carcinoma 
definition and terminology of, 356 
Caruncle, urethral, 587, 588-589 
Cathepsin L, 691 
Caveolin | immunoreactivity, 691 
Cavernous hemangioma, 407, 438, 439 
CD10 marker, 75, 79, 453 
CD15 marker, urachal adenocarcinoma and, 576 
CD31 immunostaining, 446, 451, 489 
CD34 immunostaining, 446, 451, 453 
CD34 staining, 440 
CD44 glycoprotein, 689 
CD44 marker/stain, 100, 102, 103, 104, 129 
in distinguishing dysplasia and carcinoma in 
situ from normal urothelium, 550 
CD44v6 glycoprotein, 330 
in diagnosing neuroendocrine tumors, 556 
CD45 marker, 260 
CD56 marker, in diagnosing neuroendocrine 
tumors, 557 
CD68 immunoreactivity, 447, 453, 493 
CD68 marker, 274 
CD99 immunoreactivity, 440, 449, 557 
CD99 immunostaining, 342 
CD117 immunoreactivity, 449, 453, 489, 557 
CD117 immunostaining, 342 
CD117 receptor, 337 
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CD138 marker, 260, 468 
CDG Soft Tissue Sarcoma Study Group, 415 
cDNA microarrays, 721 
CDX2 expression, 500, 555 
in urothelial carcinoma following 
augmentation cystoplasty, 476 
CDX2 gene, in diagnosing glandular tumors, 
554, 555 
CDX2 transcription factor, 286, 290 
in diagnosing glandular tumors, 554-555 
Cecal augmentation, 472 
Cell adhesion markers, 688-689. See also Cyt- 
entries 
Cell-based biomarkers, 656 
“Cell cannibalism,” 634 
Cell-cycle regulators, 682—684, 692 
Cell preservation, in urinary cytology, 640 
CellSearch system, 720 
Cellular anaplasia, 164, 166-167 
Cellular discohesion, 166 
Cervical cancer, extension to bladder, 503 
CGH analysis, 342. See also Comparative 
genomic hybridization (CGH) 
Characteristic profile, for invasive carcinoma, 
133 
Chemical cystitis, 519 
Chemotherapeutic agents, effects of, 514 
Chemotherapy, 368 
adjuvant, 683 
intravesical, 680 
rhabdomyosarcoma after, 413 
Chemotherapy regimens, 337, 338 
Chemotherapy-related changes, 508-515 
Chemotherapy-related treatment effect, 107 
Cheng, Liang, vii 
Childhood genitourinary rhabdomyosarcoma, 
414-415 
Children 
benign epithelial and polypoid lesions in, 
403-404 
hemangioma in, 407 
inflammatory conditions in, 402—403 
inflammatory myofibroblastic tumor in, 408 
inverted papilloma in, 404 
neurofibroma in, 407 
rare bladder tumors in, 416 
rhabdomyosarcoma in, 408—415 
rupture and calculi in, 403 
soft tissue neoplasms in, 407-415 
urachal abnormalities in, 401—402 
urothelial carcinoma in, 405-406 
urothelial papilloma in, 404—405 
Chondroid metaplasia, urothelial carcinomas 
with, 272—274 
Chondrosarcoma, 365 
Chordoid morphology, 266-267 
Choriocarcinoma, 268, 487, 488, 592 
c-HRAS gene polymorphism, 688 
Chromaffin cells, 440—441 
Chromogranin A, 340 
in diagnosing neuroendocrine tumors, 556, 
557 


Chromogranin A immunostaining, 328, 329, 330 


Chromosomal aberrations, 481—482, 491. See 
also Chromosomal abnormalities 
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differences in, 186 
numerical, 712 
Chromosomal abnormalities, 51 
pediatric urothelial neoplasms and, 406 
Chromosomal alterations 
numerical, 721 
structural, 712 
as tumor recurrence predictor, 617 
in urothelial carcinoma following 
augmentation cystoplasty, 481 
Chromosomal deletions, 150 
as tumor recurrence predictors, 616 
Chromosomal imbalances, 667 
Chromosomal instability, 719 
Chromosome 8, mutations and deletions in, 714 
Chromosome 9, regions lost on, 713—714 
Chromosome 9 abnormalities, 109, 132, 133 
Chromosome 9 alterations, 713—714 
Chromosome 9 deletions, 65, 150 
Chromosome enumeration probes (CEPs), 656 
Chromosomes, loss of heterozygosity of, 151 
Chronic cystitis, 18-31, 56, 402, 464, 466 
florid, 261 
urinary cytology and, 627 
Chronic diverticulitis, 32, 76 
Chronic granulomatous disease, 37 
Chronic inflammation, 361 
Chronic radiation cystitis, 515 
Cigarette smoking, urothelial carcinoma and, 
405-406 
Circulating cancer cells, molecular detection of, 
720 
Circulating tumor cells (CTCs), molecular 
detection of, 720 
CK5/6, sarcomatoid carcinoma and, 362 
CK5/6 immunostaining, 558 
in IMT diagnosis, 432 
CK7 (cytokeratin 7) expression, 253 
CK7 marker/stain, 79, 123, 261, 262, 264, 265, 
295, 298, 328, 500, 503, 555 
in distinguishing urothelial carcinoma from 
prostate adenocarcinoma, 551, 552 
in urothelial carcinoma diagnosis, 546, 547 
in urothelial carcinoma following 
augmentation cystoplasty, 476 
CK19 (cytokeratin 19) fragments, urinary 
concentration of, 666 
CK20 (cytokeratin 20) expression, 164, 168, 
186, 253, 270, 295 
abnormal, 550 
CK20 marker/stain, 100, 102, 103, 104, 123, 
129, 264, 290, 298, 328, 331, 406, 500, 
503, 504, 555 
in distinguishing urothelial carcinoma from 
prostate adenocarcinoma, 551, 552 
immunostaining with, 666 
in urothelial carcinoma diagnosis, 546-547, 
548 
in urothelial carcinoma following 
augmentation cystoplasty, 476 
C-kit immunostaining, 369, 449 
C-kit receptor, 337 
Clear cell adenocarcinoma, 62, 261—263, 
292-298, 299-300, 555 
clinicopathologic characteristics of, 63 


differential diagnosis of, 297 
differentiating clinicopathologic 
characteristics of, 298 
histogenesis of, 298 
histologic appearance of, 293—295, 296, 297, 
299-300 
of the urethra, 600-603 
urinary cytology and, 639 
Clear cell carcinoma, 62 
Clear cell melanoma, 493 
Clear cell myomelanocytic tumors, 489 
Clear cells, inverted papilloma and, 385 
Clear cell variant urothelial carcinoma, 261-263 
Clinging pattern CIS, 120—121, 122 
Clinical outcomes, pT2a vs. pT2b bladder 
carcinomas, 224 
Clinical utility, of optimal cytodiagnostic 
urinalysis, 651 
Clinicopathologic characteristics 
of clear cell adenocarcinoma, 298 
of nephrogenic metaplasia, 298 
of prostate adenocarcinoma, 298 
Cloaca, separation of, 2 
Cloacal exstrophy, 400 
Clonality analysis, 335, 336 
Clonal neoplasms, inverted papilloma as, 388 
Clonal origin theory, sarcomatoid carcinoma 
and, 369, 370-374 
Cluster analysis, hierarchical, 719 
Coagulation necrosis, from photodynamic 
therapy, 520-521 
Coexisting nonsmall cell carcinoma components, 
325-327, 331, 334 
Cold-cup biopsy specimens, 526 
Collecting duct cells, hematuria and, 650 
Collision theory, sarcomatoid carcinoma and, 
369, 370, 374 
Collision tumor, 370 
Colloid adenocarcinoma, 288, 289 
Colloid carcinoma, urachal, 574 
Colloid-like secretions, urothelial carcinomas 
with, 276 
Colloid-type urachal adenocarcinoma, 301 
Colonic adenocarcinoma, 244, 285, 286, 288, 
289 
Colorectal adenocarcinoma, 554, 555—556 
extension to bladder, 498—500 
Colorectal cancer, 498, 499 
Combined biomarker approach, bladder cancer 
recurrence and, 613 
Combined biomarkers, as tumor recurrence 
predictors, 613-616 
Comparative genomic hybridization (CGH), 713. 
See also CGH analysis 
augmentation cystoplasty and, 482—483 
of embryonal rhabdomyosarcoma, 414 
sarcomatoid carcinoma and, 374 
Concomitant CIS, 117, 131 
Concurrent dysplasia, 108 
Condyloma acuminatum, 27, 28, 92, 308, 312, 
315, 316-317, 318-319, 598 
differential diagnosis of, 313 
urinary cytology and, 632 
Congenital anomalies 
of renal pelvis and ureter, 582—583 
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of urachus, 568-570 
of urethra, 583 
Congenital bladder obstruction, 401 
Congenital disorders, 399—402 
Congenital diverticulum, 401, 596 
Congenital fistula, 401 
Congenital posterior urethral polyp, 72 
Congential prepubic sinus, 401 
Corpora amylacea, 73, 589 
Costello syndrome, 140 
Cowper glands, 13 
CpG hypermethylation, 689 
CpG island methylation, as tumor recurrence 
predictor, 616 
CpG islands, 714 
Crohn disease, 403 
Crush(ing) artifact, 325, 541 
cTNM (clinical TNM) classification, 232, 234 
Cushing syndrome, 324 
Cyclin D1 IHC expression, 147 
Cyclin D1 protein, 688 
Cyclin D3 protein, 688 
Cyclin-dependent kinase inhibitors, 109 
Cyclooxygenase 2 (COX2) enzyme, 690 
Cyclophosphamide, 402, 442 
for immunosuppression, 511-512 
urinary cytology and, 630, 631 
Cyclophosphamide irritation, 27 
Cyclophosphamide therapy, 357, 364 
effects of, 508-512 
Cyclophosphamide treatment, 128-129 
CYFRA 21-1 assay, 666 
Cystectomy, 116, 260, 337, 338, 368 
after augmentation cystoplasty, 472 
radical, 132 
urachal adenocarcinoma and, 576 
Cystectomy specimens 
handling, 528-530 
protocol for examining, 534—536 
reporting on, 528—529 
urothelial carcinoma in, 212 
Cystic clear cell adenocarcinoma, 293 
Cystitis, 514 
acute, 18—31, 627 
adenovirus-associated hemorrhagic, 439 
Candida, 37—38 
chemical, 519 
in children, 402 
chronic, 18—31, 56, 402, 464, 466, 627 
chronic radiation, 515 
cytomegalovirus, 28—29 
denuding, 29 
emphysematous, 26, 38 
encrusted, 26 
eosinophilic, 25—26, 627 
florid chronic, 261 
gangrenous, 26—27, 38 
giant cell, 29, 30 
granulomatous, 31-37, 627 
hemorrhagic, 27 
idiopathic xanthogranulomatous, 38 
interstitial, 627 
from mitomycin C therapy, 513 
papillary, 67, 92 
polypoid, 67 


radiation, 29—31 
treatment-related granulomatous, 521 
tuberculous, 36 
ulcerative, 627 
urinary cytology and, 627 
viral, 27 
xanthogranulomatous, 36—37, 39 
Cystitis cystica, 47, 48—49, 73, 125, 254, 301 
inverted growth urothelial carcinoma and, 
397 
urachal adenocarcinoma and, 576 
Cystitis cystica et glandularis, 51 
Cystitis follicularis, 22 
Cystitis glandularis, 47, 50-52, 73, 75, 125, 
254, 301 
florid, 52, 286, 388, 596 
inverted growth urothelial carcinoma and, 
397 
urachal adenocarcinoma and, 576 
urinary cytology and, 632 
Cystoplasty, urothelial carcinoma following, 
471-484 
Cystoprostatectomy, radical, 132 
Cystoprostatectomy specimens 
handling, 528-530 
with prostatic involvement, 228 
sectioning, 529-530 
Cystoscopy, 116, 436 
alternatives to, 172 
flexible, 172 
Cysts, 401 
urachal, 570, 571 
Cytodiagnostic urinalysis, of hematuria, 
651-652 
Cytogenetic studies, sarcomatoid carcinoma in, 
368-369 
Cytokeratin immunochemistry, in lymph node 
metastasis detection, 232 
Cytokeratin immunohistochemistry, 210 
Cytokeratin immunoreactivity, 260, 262, 266 
Cytokeratins (CKs), 14, 362, 489. See also CK 
entries 
Cytologic abnormalities, 165 
Cytologic atypia, 63, 78 
with inverted growth urothelial carcinoma, 
390-391, 394 
Cytologic diagnosis, of malignancies, 635-639 
Cytologic grading, of urothelial carcinomas, 633 
Cytomegalovirus (CMV), effect on urinary tract, 
628, 630 
Cytomegalovirus cystitis, 28 
Cytomegalovirus infection, systemic 
cyclophosphamide treatment and, 511, 512 
Cytopathological effects, of gene therapy, 520 
Cytoplasmic vacuoles, 317, 320 
Cytotoxic chemotherapy, 338 
Cytotrophoblast cells, 487, 488 
Cytoxan therapy, effects of, 508-512 


Danazol, effects of, 514 
DAPK nonmethylation, 616 
Das! marker, 94 

DBC1 locus, 110 

“Decoy cells,” 629, 630 


Defective DNA mismatch repair, 139 
Demethylation agents, 152 
De novo CIS, 115, 117 
De novo dysplasia, 107—108 
Denuded biopsy report, 530 
Denuded epithelium, 29 
Denuding cystitis, 29, 118—119, 120-121, 122 
Dermoid cyst, 489 
Desmin, 411, 444, 445, 453, 454 
inflammatory myofibroblastic tumor and, 426 
Desmoplasia, with inverted growth urothelial 
carcinoma, 392 
Detrusor muscle, 10 
fibrosis of, 24 
DF3 marker, 77 
Diagnostic biomarkers, 129—130 
Diagnostic categories, in urinary cytology, 624 
Diagnostic features, of grade | urothelial 
carcinoma, 635 
Diagnostic immunohistochemistry, 545-565 
Diagnostic pitfalls, in urinary cytology, 640-641 
Diapedesis, 646 
Diathermy, 32 
Differential diagnosis. See also Cytologic 
diagnosis 
of benign urachal neoplasms, 571-572 
of bladder hemangioma, 439 
of bladder neurofibroma, 347 
of blue cell tumors, 556 
of glandular tumors, 553-556 
of grade | urothelial carcinoma and urothelial 
papilloma, 175 
of inflammatory myofibroblastic tumor, 
430-434 
of inverted papilloma, 388, 394—397 
of inverted variant urothelial carcinoma, 
394-397 
muscularis propria vs. muscularis mucosae, 
548-550 
nephrogenic metaplasia vs. clear cell 
adenocarcinoma, 297 
of nested variant urothelial carcinoma, 
247-248, 249 
of paraganglioma, 345 
of pediatric rhabdomyosarcoma, 411—412 
of plasmacytoma, 466-468 
primary vs. metastatic malignant melanoma, 
486, 487 
prostate adenocarcinoma vs. urothelial 
carcinoma, 502 
of sarcomatoid carcinoma, 360—367 
sarcomatoid carcinoma vs. spindle cell 
lesions, 366 
of small cell carcinoma, 330-331 
of squamous papilloma, condyloma 
acuminatum, and verrucous squamous 
cell carcinoma, 313 
of urachal adenocarcinoma, 572, 575-576 
of urothelial atypia, 630 
of urothelial carcinoma in situ, 128—129 
Differentiation, asymmetric, 149 
Diffuse bladder CIS, 132 
Diffuse papillomatosis, 67, 90, 91 
Digital image analysis, 666 
Diploid cancer, 665 
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Diploid urothelial cancer, 680 
Dipstick tests, 646, 651 
hemoglobin, 656, 665 
“Dirty necrosis,” 499 
Discohesive growth pattern, in urothelial 
carcinoma, 270—271 
Disease-continuum concept, 109 
Disease recurrence 
nomogram prediction of, 615 
predicting, 692 
Dissection 
lymph node, 530, 531 
of specimens, 529-530 
Distal tubular cells, hematuria and, 650 
Distal tumors, 600 
Distant metastasis, 232, 233, 234, 342, 441, 498 
Divergent immunoreactivity, of PEComas, 
489-491 
Diverticular cancer, 75 
Diverticulitis, 31, 32 
chronic, 76 
Diverticulosis, 75—76 
Diverticulum 
of the bladder, 400, 401 
congenital, 596 
DNA aneuploidy, 109 
DNA hyperdiploidy, 414 
DNA image cytometry, combined with cytology, 
665-666 
NA methylation, 714 
NA methylation markers, 667 
INA microarray expression profiling, 612 
NA ploidy, 665-666 
NA sequence aberrations/mutations, 714 
NA viruses, 27 
Doxorubicin hydrochloride, effects of, 514 
Drugs 
leading to hematuria, 648 
urinary cytology and, 629 
urine cell changes from, 641 
Ductal-type prostate adenocarcinoma, 94, 245, 
500, 553 
inverted growth urothelial carcinoma and, 
397 
Duplex ureter, 582 
Dysmorphic red blood cells, 652 
glomerular disease and, 646-647 
Dysplasia, 63, 65, 100, 102, 103, 107-108 
distinguishing reactive atypia and carcinoma 
in situ from, 550—551 
moderate, 132—133 
urinary cytology and, 632 
urothelial, 104—108 
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D 
D 
D 
D 
D 


E2F transcription factor, 684 

Early detection, of bladder cancer, 618 

Early stage bladder cancer, 138 

Early-stage urothelial carcinoma, 146 
E-cadherin, 290, 688—689 

E-cadherin IHC staining, 130 

Ectopic prostatic tissue, 73-75, 587-589, 590 
Edematous lamina propria, 23, 24 

EGFR genes, 369 

EGFR immunoreactivity, 686 
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EGFR overexpression, 686 
Embryology, of bladder, 2 
Embryonal rhabdomyosarcoma, 408, 409, 444 
botryoid, 409-410, 414, 444, 445 
comparative genomic hybridization of, 414 
inflammatory myofibroblastic tumor and, 425 
Emmprin, 721 
Emphysematous cystitis, 26, 38 
En bloc resection specimens, handling, 528-530 
Encrusted cystitis, 26 
Endocervical adenocarcinoma, 77 
Endocervicosis, 52, 76—79, 286, 288, 569 
Endometrial hyperplasia, 78 
Endometrial-type adenocarcinoma, 78—79, 503 
Endometriosis, 77-79, 585-587 
atrophic, 79 
ureteral, 79 
vesical, 79 
Endometriosis treatment, 79 
Endophytic growth pattern, 390 
urothelial carcinoma with, 206 
Endosalpingosis, 79 
Endoscopic surveillance, after augmentation 
cystoplasty, 472 
Endothelial hyperplasia, intravascular papillary, 
603 
Enteric adenocarcinoma, 285, 288, 289 
Enterobius vermicularis, 629 
Enzyme-linked immunosorbent assay (ELISA), 
661, 665. See also Sandwich ELISA test 
immunohistochemistry and, 666 
Eosinophilic cystitis, 25—26, 402, 627 
from mitomycin C therapy, 513 
Eosinophilic cytoplasm, 143, 250, 453 
urothelial carcinomas with, 275 
Eosinophils, 274 
Epidemiology, of bladder cancer, 138—139 
Epidermal growth factor receptor (EGFR) 
expression, 151, 315, 336-338 
Epidermal growth factor receptor (EGFR) 
protein, 92, 686 
Epigenetic alterations, 714 
as tumor recurrence predictors, 616 
Epigenetic silencing, of tumor suppressor genes, 
616 
Epirubicin, effects of, 514 
Epispadias, 400 
Epithelial bladder tumors, 405 
Epithelial cell fragments, hematuria and, 650 
Epithelial cells, in urinary cytology specimens, 
625, 626 
Epithelial clusters, 640 
Epithelial component, of bladder carcinoma, 
356, 359 
Epithelial hyperplasia 
pseudocarcinomatous, 206, 207 
pseudosarcomatous, 508, 510 
Epithelial lesions, in children, 403-404 
Epithelial malignancies, 336 
after augmentation cystoplasty, 472 
Epithelial markers, 14, 362 
Epithelial membrane antigen (EMA), 253, 265, 
295, 330, 340, 347, 444, 453, 555, 557 
Epithelial necrosis, from cyclophosphamide 
therapy, 508 


Epithelial-to-mesenchymal transition (EMT), 
376-377 
cancer stem cells and, 374 
Epithelial tumors, 596 
benign, 85-97 
Epithelioid angiosarcoma, 446, 448 
Epithelioid hemangioma, 407 
Epithelioid leiomyosarcoma, 443 
Epithelium 
of lower urinary tract and kidney, 647-650 
squamous, 14 
urethral, 11, 14 
Epstein-Barr virus infection, 260 
lymphomas and, 463 
ERBB2 gene, 687 
ERG gene rearrangement, 331, 332, 333, 348 
ER marker, 79 
Erythrocytes, in urinary cytology specimens, 626 
Escherichia coli, 18, 35 
Estrogen receptor, 77 
Ether cystitis, 519 
ETS gene family, 348 
Ewing sarcoma (EWS), 341-342 
Exophytic papillary components, 475 
with inverted growth urothelial carcinoma, 
392 
Exophytic tumors, sectioning, 529 
Experimental bias, 618 
Expression microarray analysis, 719 
of bladder cancers, 612 
Expression profile analysis, 715 
Exstrophy, of the bladder, 400 
Extensive disease, limited disease vs., 131 
Extensive squamous metaplasia, 54 
Extraadrenal pheochromocytomas, 441 
Extracellular mucin, 78 
Extragastrointestinal stromal tumor (EGIST), 
493 
Extragonadal germ cell tumors, of the urachus, 
576 
Extranodal extension, 232 
Extravasated mucin, 93—94 
Extravesical extension, 225—226, 227 


F actin, 689 

Factor H, 660 

Factors, leading to hematuria, 648 

Female genital tract carcinomas, extension to 
bladder, 503 

Female genital tract malignancy, bladder 
involvement by, 503 

Female urethra, 11, 14 

a-Fetoprotein (AFP) staining, 291, 292 

FGFR3 activation, 709 

FGFR3 -associated pathway, 150, 610, 708-711 

FGFR3 gene, as a target for therapeutic 
strategies, 721 

FGFR3 isoforms, 686 

FGFR3 mutations, 150, 152, 162, 164, 168, 
183, 184, 185, 186, 390, 391, 392, 
685-686, 692, 708, 718-719. See also 
Fibroblast growth factor receptor 3 
(FGFR3 ) gene entries 

bladder cancer recurrence and, 613 
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frequency and prognostic value of, 611 
frequency of, 709-710, 711 
tumor recurrence and, 610—611 
FGFR3 receptors, signal transduction pathways 
for, 708-709 
Fibroblast growth factor receptor 3 (FGFR3 ) 
gene mapping, in urothelial carcinoma 
following augmentation cystoplasty, 
479-481, 482 
Fibroblast growth factor receptor 3 (FGFR3 ) 
gene mutations, 65, 87, 109, 171. See also 
FGFR3 mutations 
gain-of-function, 152 
in pediatric urothelial neoplasms, 406 
Fibroblasts, stellate, 78 
Fibroepithelial polyps, 72—73, 584, 586 
in children, 403—404 
Fibromyxoid nephrogenic adenoma, 62 
Fibrosarcomas, 434 
Fibrosis 
of detrusor muscle, 24 
idiopathic retroperitoneal, 583—584, 586 
intramural, 27 
Fibrovascular polyps, 597 
Field cancerization, 148 
in bladder cancer, 148—149 
Field cancerization theory, 718 
Field characterization, 617, 618 
Field effect theory, 148, 718 
bladder cancer recurrence and, 617—618, 708 
of bladder carcinogenesis, 133 
Filariasis, 629 
Fistula, 401 
Five-year survival, for bladder cancer, 138 
Fixation, of specimens, 529 
Flat intraepithelial lesions, classification of, 100 
Flat mineral deposits, 26 
Flat urothelial carcinoma in situ (Tis), 141 
Flat (simple) urothelial hyperplasia, 63-65, 128 
Flat urothelial lesions, 114 
assessment of, 115 
with atypia, 590 
wih atypia and urothelial dysplasia, 99—112 
immunochemical features of, 103 
molecular alterations in, 109—110 
morphological features of, 102 
terminology for, 105 
types and classification of, 100 
Flexible cystoscopy, 172 
Florid chronic cystitis, 261 
Florid cystitis glandularis, 52, 56, 286, 388, 596 
Florid polypoid cystitis, 20 
Florid von Brunn nest proliferations, 57, 207 
inverted growth urothelial carcinoma and, 
397 
Florid von Brunn nests, 46, 67, 248 
urothelial carcinoma vs., 48 
Flow cytometry/DNA ploidy analysis, 665-666 
Fluorescence cystoscopy, 116 
Fluorescence in situ hybridization (FISH), 172 
Fluorescent in situ hybridization (FISH) analysis, 
51, 342, 348, 656-660, 661, 662, 663, 
666. See also Multitarget fluorescence in 
situ hybridization (UroVysion) 


for urothelial carcinoma following 
augmentation cystoplasty, 481—482 
in IMT diagnosis, 432 
of ALK gene rearrangements, 427—430 
of inverted growth urothelial carcinoma, 394 
Fluorescent-tagged monoclonal antibodies, with 
ImmunoCyt technique, 664 
Focal papillary features, 385 
Follicular cystitis, 22, 402 
Formalin, chemical cystitis from, 519 
Formalin fixation, 529 
Four-tier grading system, 187 
Fragile histadine triad (FHIT) gene, 685, 681 
Full genome searches, 187 
Fungal cystitis, 37-38 
Fungi, effect on lower urinary tract, 627 
FXYD3 expression, 719 


G actin, 689 
Gangrenous cystitis, 26—27, 38 
GATA-binding protein 3 (GATA3), in urothelial 
carcinoma diagnosis, 548 
Gefitinib, 686 
Gelsolin, 690-691 
Gene-expressing profiling studies, 414 
Gene expression, tumor recurrence and, 612 
Gene expression analysis, 667 
Gene expression profile analysis, 713 
Gene expression profiles, 185 
global analysis of, 715 
Gene expression profiling, of bladder cancers, 
612-613 
Gene expression profiling studies, in bladder 
cancer, 716 
Gene expression signature, for predicting 
bladder cancer recurrence, 612—613 
Gene fusions, 331, 348 
Gene methylation, 714 
Gene mutational analysis, of urothelial 
carcinoma following augmentation 
cystoplasty, 481, 482 
Gene mutations, 714 
Gene overexpression, 717 
Gene panels, 715 
Gene profiling, 722 
Gene promoters, hypermethylation of, 616 
Genes 
methylation status in, 714 
tumor suppressor, 682-685 
Gene therapy, effects of, 519-520 
Genetic abnormalities, in augmentation 
cystoplasty mucosa, 482—483 
Genetic alterations, 109—110 
accumulation of, 712 
Genetic analyses, 150 
Genetic derangements, 169 
Genetic instability, 109 
Genetic signature, 715 
Genetic studies, sarcomatoid carcinoma in, 
368-369 
Genitourinary IMTs, 424. See also Inflammatory 
myofibroblastic tumor (IMT) 
Genitourinary rhabdomyosarcoma, childhood, 
414-415 


Genitourinary tract 
amyloidosis of, 80 
IMT in, 434-435 
Genitourinary tuberculosis, 36 
Genomic alterations, as tumor recurrence 
predictors, 616-617 
Genomic analyses, 346 
Genomic hybridization, sarcomatoid carcinoma 
and, 369 
Genomic hybridization studies, 491 
Germ cell tumors, 487—489 
in children, 416 
Germline mutations, 346 
“Ghost” cells, 626, 631 
Giant cell carcinoma, pleomorphic, 265-266 
Giant cell CIS, 120, 121 
Giant cell cystitis, 29, 30 
Giant cells, 359 
atypical multinucleated, 410 
multinucleated, 447 
syncytiotrophoblastic, 265, 268-270 
Giant cell tumors, 366 
osteoclast-rich, 264—265 
Gland-like lamina, 284 
Glandular differentiation, 241—244 
carcinoma in situ with, 123-126, 284—285 
Glandular epithelial neoplasm, 571 
Glandular inverted papilloma, 385, 388 
Glandular metaplasia, 56, 587, 596 
Glandular tumors, 553-556 
Global analysis, of gene expression profiles, 715 
Glomerular disease, dysmorphic red blood cells 
and, 646-647 
Glomerulations, 24, 25 
Glycogen, intracytoplasmic, 489 
Glycogenated squamous epithelium, trigonal, 54, 
58 
Glycogen-rich variant urothelial carcinoma, 
261-263 
Glyoxalase enzymes, 691 
Goblet cells, 95 
Golgi complexes, 328 
Grade 1 urothelial carcinoma, 164—165, 
635-636 
diagnostic features of, 635 
identifying, 635-636 
Grade 1 urothelial carcinoma (low grade), 174, 
175, 176, 177, 178 
Grade 2 invasive urothelial carcinoma (low 
grade), 195 
Grade 2 urothelial carcinoma, 165—166, 
636-638 
Grade 2 urothelial carcinoma (low grade), 174, 
176, 177, 178-179, 182 
Grade 3 urothelial carcinoma, 166—167 
Grade 3 urothelial carcinoma (high grade), 174, 
176, 177, 179-180 
Grade 3/4 urothelial carcinoma, 636—638 
Grade 4 urothelial carcinoma (high grade), 174, 
176, 177, 180-181 
Grading 
of bladder cancer, 161—191, 708 
of urothelial carcinomas, 594, 633 
Grading systems 
comparison of, 177 
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Grading systems (Continued) 
four-tier, 174-181, 187 
subjectivity of, 170 
Granular cell “myoblastoma,” 493 
Granular cell tumors, 345, 442, 454, 492, 
493—494 
atypical, 494 
Granulation tissue, 18, 24 
Granulocytic sarcoma, 466 
Granuloma 
noncaseating, 514 
postsurgical necrobiotic, 521 
suture, 32—33 
after transurethral resection, 31—32, 521 
Granulomatous cystitis, 32-37, 402, 627 
alternative forms of, 37 
treatment-related, 521 
Gross anatomy, of the bladder, 2 
Gross hematuria, 256, 324, 357, 367, 437, 442, 
444, 447, 486 
bladder cancer and, 140 
Gross lymphadenectomy specimen, 531 
Gross tumor configuration, reporting, 536 
Growth factors, 685-687 
GSTM1 null genotype, 151 


Hamartoma 
in children, 403 
polypoid, 75, 569 
HBME-1 marker, 77 
Helicobacter pylori, 40 
Hemangioma, 437—439, 446 
in children, 407 
of the urethra, 603 
Hemangiopericytoma, 450-451, 452 
Hematopoietic tumors, 461, 466—468 
Hematuria, 35, 73, 90, 93, 100, 168, 339 
bladder cancer and, 140 
causes of, 646 
drugs, pigments, and other factors leading to, 
648 
evaluation of, 645-653 
gross, 256, 324, 357, 367, 437, 442, 444, 
447, 486 
laboratory investigation of, 646 
occult, 646 
optimal cytodiagnostic urinalysis of, 651-652 
painless, 424 
possible causes of, 647 
renal epithelium and, 650 
urachal adenocarcinoma and, 573 
as a urinary tract disease symptom, 646 
urolithiasis and, 651 
Hemoglobin dipstick, 656, 665 
Hemorrhage, 82 
from radiation therapy, 516 
Hemorrhagic cystitis, 27, 402 
busulfan-induced, 514 
from cyclophosphamide therapy, 508, 
509-510, 511 
Hepatoid adenocarcinoma, 290—292 
Hepatoma upregulated protein (HURP), 691 
HER2 genes, 369 
HER2/neu overexpression, 337 
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HER2 protooncogene, 687 
Hereditary nonpolyposis colon cancer syndrome, 
591 
Hereditary nonpolyposis colorectal cancer 
(HNPCC) syndrome, 139-140 
Hereditary retinoblastoma, 140 
Herniorrhaphy, 33 
Herpes genitalis, 27 
Herpes simplex, effect on urinary tract, 628 
HER receptors, 336, 337 
Heterogeneity, of histologic grade, 182 
Heterologous elements, sarcomatoid carcinomas 
with, 365-366 
Heterotopic ossification, 82 
Hierarchical cluster analysis, 719 
High-grade bladder cancer, 684 
High-grade carcinoma, 359 
third pathway to, 712 
High-grade intraurothelial neoplasia, 114, 115 
High-grade invasive urothelial carcinoma, IMTs 
and, 424 
High-grade leiomyosarcoma, 442—443 
High-grade lesions, 183 
High-grade papillary tumors, 150-151 
High-grade papillary urothelial carcinoma, 
21-22, 599 
High-grade poorly differentiated 
adenocarcinoma, 574 
High-grade primary tumors, TP53 mutations 
and, 611-612 
High-grade urothelial carcinoma, 145, 168-169, 
258, 500 
after augmentation cystoplasty, 472—476, 
478, 479, 480, 481 
classification of, 174 
High-grade urothelial neoplasms, 65 
High-molecular-weight basement membrane 
complexes, 660-661 
High-molecular-weight cytokeratins 
(HMWCKs), 501, 558 
in distinguishing urothelial carcinoma from 
prostate adenocarcinoma, 551, 552 
sarcomatoid carcinoma and, 362 
in urothelial carcinoma diagnosis, 547, 
548 
High molecular weight keratin 
immunoreactivity, 14 
High-risk human papillomavirus (HPV) 
infection, 600 
Histiocytes, 78 
Histiocytic reaction, 33 
Histologic grade 
in diagnosing lamina propria invasion, 
194 
heterogeneity of, 182 
Histologic grading, 537 
according to 1973 WHO classification, 
162-167, 169, 170, 173, 176, 177, 
181, 536 
according to 1998 ISUP/2004 WHO 
classification, 167—169, 170-171, 176, 
181 
according to 1999 WHO classification, 169, 
173 
reporting, 536 


of urothelial carcinoma, 173—174, 176, 177 
Histologic patterns, 271—272 
Histologic spectrum, of urothelial carcinoma, 
176 
Histologic subtyping, 414 
Histologic type, reporting, 536 
Histologic variants, of urothelial carcinomas, 
239-281 
Histone modifications, as tumor recurrence 
predictors, 616 
HMB45 immunostaining, 453, 489, 491, 559 
Hobnail cells, 56, 62, 293, 294, 295, 446 
Hodgkin lymphoma, 464 
Homeobox genes, in diagnosing glandular 
tumors, 554 
Hormonal therapy, 79 
HRAS oncogene, 687-688 
Human herpesvirus-8, 425 
Human immunodeficiency virus (HIV) infection, 
316 
Human papillomavirus (HPV), 640-641, 682 
differentiating primary squamous cell bladder 
carcinoma from secondary tumors and, 
552-553 
small cell carcinoma and, 335 
Human papillomavirus DNA signal, 315 
Human papillomavirus (HPV) infection, 27, 91, 
92, 312, 316, 600 
Human papillomavirus types 6 and 11 
urinary cytology and, 632 
Hunner ulcer, 23 
Hyaline globules, 487 
Hydatid cystitis, 40 
Hypercalcemia, 596 
Hyperchromasia, from thiotepa therapy, 513 
Hyperkeratotic “ghost” cells, in urinary cytology 
specimens, 626 
Hypermethylation, 152 
cancer-specific, 667 
of CpG islands, 714 
of gene promoters, 616 
Hyperplasia, 63, 589 
endometrial, 78 
intravascular papillary endothelial, 603 
lymphoid, 400 
pseudocarcinomatous epithelial, 206, 207 
pseudosarcomatous epithelial, 508, 510 
urothelial, 45, 63—67 
verrucous squamous, 306 
Hyperplastic squamous epithelium, 34 
Hypertrophic muscularis mucosae, 533 
Hypoxia—inducible factor (HIF), 346 


Idiopathic eosinophilic ureteritis, 584 
Idiopathic retroperitoneal fibrosis, 583-584, 586 
Idiopathic xanthogranulomatous cystitis, 38 
IgG4-related sclerosing disease, 584 
Tleocecal augmentation, 472 
Immunochemical biomarkers, for establishing 
tumor origin, 502 

Immunocytochemical analysis, 172 
ImmunoCyt technique, 656, 664—665 

combinedwith urine cytology, 664-665 
Immunodetection, 720 
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Immunohistochemical analysis 
in distinguishing urothelial carcinoma from 
prostate adenocarcinoma, 551, 552 
of intestinal metaplasia, 53 
Immunohistochemical findings, 14 
Immunohistochemical (IHC) markers, 46, 77, 
504 
in urinary bladder glandular lesions, 287 
Immunohistochemical profiles, 94 
Immunohistochemical (IHC) staining, 127, 129, 
130, 257, 342, 343 
Immunohistochemical studies, 81, 147 
Immunohistochemistry (IHC), 79. See also 
Diagnostic immunohistochemistry 
cytokeratin, 210 
ELISA and, 666 
small cell carcinoma, 328—330 
in soft tissue tumors and sarcomatoid 
carcinoma, 433 
of spindle cell lesions, 558 
of urachal adenocarcinoma, 575 
urothelial carcinomas and, 546 
Immunomarker panels, in urothelial carcinoma 
diagnosis, 546 
Immunoreactivity, 343 
of PEComas, 489—491 
Immunosuppression, cyclophosphamide for, 
511-512 
Immunosuppressive therapy, 35 
Immunotherapeutic agents, effects of, 514-515 
Immunotherapy, effects of, 514-515 
IMP3 binding protein, in distinguishing 
dysplasia and carcinoma in situ from 
normal urothelium, 550 
Imperforate urachus, 568 
Incipient inverted papilloma, 387 
Indications, for urinary cytology, 624 
Indolent tumor, 169, 173 
Indolent urothelial cancers, 710-711 
Infectious conditions, 17—40 
Infectious cystitides, 37—40 
miscellaneous, 40 
Infiltrating lobular carcinoma, 270 
Infiltrative carcinomas, 142—144 
Inflammation, obscuring, 204, 205 
Inflammatory cells, 359, 447 
Inflammatory conditions, 17—40 
in children, 402—403 
Inflammatory fibrosarcoma, 434 
Inflammatory lesions, urinary cytology and, 
627-630 
Inflammatory MFH, 449. See also Malignant 
fibrous histiocytoma (MFH) 
Inflammatory myofibroblastic tumor (IMT), 360, 
361, 412 , 424-435, 440, 558, 559 
in children, 408 
controversial elements regarding, 434—435 
differential diagnosis of, 430-434 
epidemiology and clinical presentation of, 
424-425 
in the genitourinary tract, 434—435 
histopathology of, 425-426 
historical perspective on, 424 
immunohistochemistry of, 426-427 
macroscopic pathology, 425 


microbes related to, 425 
microscopic pathology, 425—426 
molecular genetics of, 427—430 
pathogenesis of, 425 
pediatric vs. adult, 408 
postoperative spindle cell nodules and, 435, 
436 
Inflammatory papillary hyperplasia, 67 
Inherited anyloidosis, 80 
Instrumentation, reactive changes after, 640, 650 
Integrins, 689 
Interferon alpha (IFN-a), 514-515 
Interferon gamma (IFN-y), 514 
Interleukin expression, 514 
Intermediate cells 
in urinary cytology specimens, 625 
urothelial, 5 
International Rhabdomyosarcoma Classification 
system, 414 
International Society of Urologic Pathologists 
(ISUP), 86. See also ISUP classification of 
1998; WHO/ISUP classification systems 
Interobserver variability, 170—171 
Interstitial cystitis, 22—25, 402, 627 
nonulcerative, 23, 24—25 
ulcerative, 23 
Intestinal metaplasia, 47, 50, 51-52, 77, 284, 
285, 476 
immunohistochemical analysis of, 53 
of the urethra, 585 
Intestinal-type adenocarcinoma, 288, 289 
Intracytoplasmic glycogen, 489 
Intracytoplastic vacuoles, 259, 265, 270 
Intramural fibrosis, 27 
Intraurothelial neoplasia, 114, 115 
Intravascular papillary endothelial hyperplasia, 
603 
Intravesical chemotherapy, 680 
urinary cytology and, 630 
Intravesical recombinant IFN-a, 515 
Intravesical therapy, effects of, 512-515 
Intravesical therapy—associated atypia, 514 
Invading epithelium, in diagnosing lamina 
propria invasion, 196 
Invasive adenocarcinoma, 126 
Invasive bladder cancer, pathologic variants of, 
241 
Invasive bladder carcinoma 
grading of, 174 
urothelial carcinoma in situ with, 131 
Invasive carcinoma, 114, 115, 116, 117, 122, 
130, 599, 600 
characteristic profile for, 133 
Invasive micropapillary carcinoma, 250, 252 
primary vs. secondary, 504 
Invasive neoplasms, 472—475 
Invasive squamous cell carcinoma, 306 
Invasive urothelial cancer, prognosis of, 
147-148 
Invasive urothelial carcinoma, 132, 162, 199, 
315 
bulky, 144 
grading of, 174, 181, 182 
with inverted growth, 200 


with pseudosarcomatous and myxoid stroma, 
201 
of the ureter, 594 
Invasive urothelial carcinoma variants, 250, 252 
with deceptively bland cytology, 200 
Inverted bladder papillomas, FGFR3 mutations 
in, 611 
Inverted growth, urothelial carcinoma with, 
255-256, 388, 389, 390-397 
Inverted-growth bladder tumors, 383—398 
Inverted papilloma, 90-91, 92, 384-390, 598 
with atypia, 385-388 
in children, 404 
clinical features of, 384 
differential diagnosis of, 388, 394-397 
incipient, 387 
key morphologic features of, 387 
laser capture microdissection of, 389, 391 
molecular pathology of, 388-390 
pathology of, 385-388 
urothelial carcinoma with inverted growth 
vs., 389, 394-397 
Inverted variant urothelial carcinoma, 204, 
255-256, 388, 389, 390-397 
clinical features and morphology of, 390-394 
criteria for invasion, 394 
differential diagnosis of, 394—397 
immunohistochemistry of, 394 
laser capture microdissection of, 391 
in the ureter, 595 
Ischemic necrosis, hematuria and, 650 
Isolated CIS, 115, 117 
Isomorphic red blood cells, 647 
ISUP classification of 1998. See also 
International Society of Urologic 
Pathologists (ISUP) 
histologic grading according to, 167-169, 
170-171, 181 
impact of, 171, 172, 173 
urothelial carcinoma in children in, 406 


JC virus, effect on urinary tract, 629 


Kaplan—Meier survival curves, 117, 184, 324, 
338, 339 
bladder cancer recurrence and, 614 
Kaposi sarcoma, 439, 446 
Keratinized cells, 639 
Keratinizing squamous differentiation, 240 
Keratinizing squamous metaplasia, 52-54, 57, 


306, 308, 314 
Ki67 expression, 183, 185, 248, 330, 336, 555, 
681 


Ki67 marker/stain, 104, 129, 147, 666 

in distinguishing dysplasia and carcinoma in 

situ from normal urothelium, 550 

Ki67 overexpression, 592 
Kidney, epithelium of, 647—650 
Kidney stones, 651 
Klippel—Trenaunay— Weber syndrome, 437, 438 
Knowledge, applying to clinical practice, 722 
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Koilocytosis 
urinary cytology and, 632 
in urotheliam carcinoma, 317 
Koilocytotic cells, 316 
KRAS gene, 687 
KRT20 expression, 719 
Kultschitzky-type neuroendocrine stem cells, 
332 


Laboratory investigation, of hematuria, 646 
Lamina propria, 6, 7, 8, 46, 104, 531, 532 
edematous, 23, 24 
inflamed, 100, 102, 118 
invasion into, 127 
lesions of, 52 
normal, 6 
in pT1 bladder cancer, 194 
stromal cells in, 9 
stromal reaction in, 196 
Lamina propria invasion 
diagnosis of, 194—199 
unusual histologic patterns of, 199-201, 202, 
203 
Langhans-type giant cells, 36 
Large cell CIS, 120 
Large cell neuroendocrine carcinoma, 331, 
339-341, 557 
metastatic, 345 
Large cell undifferentiated carcinoma, 263—264 
Laser capture microdissection 
of inverted papilloma, 389, 391 
of inverted variant urothelial carcinoma, 391 
of sarcomatoid urothelial carcinoma, 
371-372 
Laser therapy, effects of, 520, 521 
Leiomyoma, 430—431, 435-437 
of the urethra, 603 
Leiomyosarcoma, 359, 361, 362, 364, 412, 
442—444, 558, 559 
in children, 416 
in IMT diagnosis, 431—432 
Leiomyosarcomatous component, of sarcomatoid 
carcinoma, 361 
Lepidic CIS, 121-123, 124 
Leukemia, 466 
in children, 416 
Leukoplakia, urinary cytology and, 632 
LeuM1 stain, 298 
urachal adenocarcinoma and, 575, 576 
Limited disease, extensive disease vs., 131 
Limited squamous metaplasia, 54 
Lipid cell variant urothelial carcinoma, 256-257 
Lipofuscinosis vesicalis, 79—80 
Liposarcoma, 365 
Literature review, of urothelial carcinoma 
following augmentation cystoplasty, 473 
Lithiasis, urinary cytology and, 629, 641. See 
also Urolithiasis 
Littre glands, 13, 597 
Lobular carcinoma 
infiltrating, 270 
metastatic, 270 
Lopez-Beltran, Antonio, vii 
Loss of heterozygosity (LOH), 110, 132, 150, 
151, 171-172, 666 
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bladder cancer recurrence and, 613 
high risk of tumor recurrence and, 616—617 
inverted papilloma and, 388—390 
in pediatric urothelial neoplasms, 406 
sarcomatoid carcinoma and, 369, 370, 
371-374 
Loss of heterozygosity (LOH) analysis, 257, 
712, 713 
Lower urinary tract 
epithelium of, 647—650 
fungal effects on, 627, 628 
Low-grade carcinoma, tetraploid, 665 
Low-grade leiomyosarcoma, 442 
Low-grade mesenchymal tumors, 489 
Low-grade noninvasive carcinoma, 169 
Low-grade noninvasive papillary urothelial 
carcinoma, 221 
Low-grade papillary tumors, 65, 150, 680 
Low-grade papillary urothelial carcinoma, 21, 
22, 65, 320, 661, 663 
Low-grade papillary urothelial tumors, 635 
Low-grade pTa tumors, 151 
Low-grade sarcoma, in IMT diagnosis, 432 
Low-grade urothelial carcinoma, 168, 514, 
599 
classification of, 174 
Low-grade urothelial neoplasms, 65 
Low-risk human papillomavirus (HPV) 
infection, 600 
Luminal epithelial antigen (LEA), 691 
Luminal spaces, urothelial carcinomas with, 
275-276 
Lymphadenectomy specimen, 531 
Lymphangiectasia, 405 
Lymphangioleiomyoma, 489 
Lymphangioma, 437, 438 
Lymphatic drainage, from bladder, 2 
Lymph node density, 231—232, 530 
Lymph node dissection, 530, 531 
Lymph node metastasis, 230-231, 247, 259, 
267, 367, 681, 683, 690 
molecular detection of, 719 
occult, 232 
Lymph node micrometastasis, detection of, 
232 
Lymph node revealing solution (LNRS), 530, 
531 
Lymphoepithelial lesions, 464 
Lymphoepithelioma-like bladder carcinoma, 465, 
466, 560, 561-562 
Lymphoepithelioma-like carcinoma, 260-262 
Lymphoid hyperplasia, 400 
Lymphoid reaction, urothelial carcinomas with, 
274-275 
Lymphoid tumors, 461, 462—466 
Lymphoma 
in children, 416 
malignant, 462—466 
urachal adenocarcinoma and, 576 
Lymphovascular invasion, 147, 218, 230 
in pT1 urothelial carcinoma, 210—211, 
213 
reporting, 537-538 
Lymph vessel density, 690 
Lynch syndrome, 591 


Mac387 marker, in differentiating primary 
squamous cell bladder carcinoma from 
secondary tumors, 552 
MACC, 110 
Macrophage accumulation, 35 
Macrophages, in urinary cytology specimens, 
626, 632 
Macroscopic hematuria, 115 
bladder cancer and, 140 
Macroscopic pathology 
of inflammatory myofibroblastic tumor, 425 
of small cell carcinoma, 324 
MAGEA4 protein, 691 
Malakoplakia, 26, 35—36, 37, 38, 403 
urinary cytology and, 632 
Male urethra, 11-13 
Malignancies 
in bladder paragangliomas, 343-344 
cytologic diagnosis of, 634—639 
Malignant fibrous histiocytoma (MFH), 
446-449, 450, 451 
pleomorphic, 447 
variants of, 447 
Malignant follicular-type lymphoma, 22 
Malignant granular cell tumors, 493 
Malignant inflammatory fibrosarcoma, 434 
Malignant lesions, in IMT diagnosis, 431 
Malignant lymphoma, 331, 462—466 
urachal adenocarcinoma and, 576 
Malignant melanoma, 345, 486-487, 493 
of the urethra, 603-604 
Malignant neoplasms, of urachus, 572-577 
Malignant peripheral nerve sheath tumor 
(MPNST), 342-343, 347, 440, 450 
Malignant soft tissue tumors, 442—454 
of renal pelvis, ureter, and urethra, 603 
Malignant transformation, 317 
Malignant tumors 
arising in urachus, 576-577 
urinary cytology and, 639 
MALT lymphoma, 463, 464 
Marion disease, 401 
Markers. See also Biomarkers; Molecular 
markers 
apoptosis, 681—682 
cell adhesion, 688-689 
for determining urothelial origin, 546-548 
miscellaneous, 690-691 
prognostic, 721 
proliferation, 680-681 
proprietary and nonproprietary, 656 
Marker validation, 618 
Mast cells, 24—25, 439 
MDM2 gene, 688 
Megacystis, 401 
Megaloureter (megaureter), 582 
Melanoma, malignant, 345, 486-487 
Melanosis of the bladder, 79-80 
Merkel cell carcinomas, 330, 331 
Mesenchymal component, of bladder carcinoma, 
356, 359, 376 
Mesenchymal markers, 361 
Mesenchymal stem cells, 374 
Mesonephric ducts, 10-11 
Metabolic deposits, 71, 80-81 
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Metaplasia, 51 
glandular, 56, 587, 596 
intestinal, 77 
keratinizing squamous, 306, 308, 314 
nephrogenic, 54—63, 403 
nonkeratinizing squamous, 315 
smooth muscle, 78 
squamous, 52—54, 56, 314, 320, 400, 401, 
403, 587 
urothelial, 45-63 
Metastasis, 340—341. See also Distant 
metastasis; Lymph node metastasis 
distant, 498 
lymph node, 681, 683, 690, 719 
nodal, 441 
from ovarian cancer, 503 
Metastatic carcinoma, 240, 466 
Metastatic colon adenocarcinoma, in the urethra, 
602-603 
Metastatic large cell neuroendocrine carcinoma, 
345 
Metastatic lobular carcinoma, 270 
Metastatic malignant melanoma, 486, 487, 493 
Metastatic malignant tumor, urinary cytology 
and, 639 
Metastatic neuroendocrine carcinoma, 450 
Metastatic prostate adenocarcinoma, 52, 57 
Metastatic urothelial carcinoma, 546, 559 
a-Methylacyl-CoA racemase (AMACR), 555 
a-Methylacyl-CoA racemase (AMACR/P504S) 
immunoreactivity, 295, 298. See also 
P5048 (a-methylacyl-CoA racemase) 
Methylation status studies, 667 
MIB1 counts, 295, 555 
bladder cancer recurrence and, 613 
as molecular marker, 681 
Michaelis—Gutmann bodies, 35—36, 37 
urinary cytology and, 632 
Microbes, IMT-related, 425 
Microcystic bladder carcinoma, 47, 48 
Microcystic clear cell adenocarcinoma, 293 
Microcystic variant urothelial carcinoma, 203, 
254-255 
Microinvasion, 119, 127—128 
papillary urothelial carcinoma with, 199 
Microinvasive carcinoma, urinary cytology and, 
634 
Micrometastatic disease, detection of, 719 
Micropapillary carcinoma, 268 
Micropapillary variant urothelial carcinoma, 
248-254 
of the urethra, 600 
MicroRNA (miRNA) deregulation, 715 
MicroRNAs (miRNAs), in cancer development, 
719. See also miRNA microarray 
Microsatellite analysis, 712 
Microsatellite analysis studies, 666—667 
Microsatellite instability (MSI), 595, 596, 666, 
714 
Microsatellite loci, loss of heterozygosity of, 617 
Microsatellite markers, as tumor recurrence 
predictors, 616 
Microscopic examination, hematuria and, 646 
Microscopic hematuria, 115 
bladder cancer and, 140 


Microscopic pathology 
of inflammatory myofibroblastic tumor, 
425-426 
of small cell carcinoma, 324—328 
Microvessel density, 689-690 
Minimal deviation adenocarcinoma, 77 
miRNA microarray, 715. See also MicroRNAs 
(miRNAs) 
Miscellaneous markers, 690—691 
Miscellaneous tumors, of renal pelvis, ureter, 
and urethra, 603—604 
Mismatch repair proteins, 595 
Mitomycin C, 128 
effects of, 512—513, 514 
urinary cytology and, 629 
Mitotic figures, 118, 165, 167, 168, 265, 314 
Moderate dysplasia, 132-133 
Molecular alterations, 151 
Molecular chemosensitivity profiles, 722 
Molecular classification, 720—721 
Molecular detection, of lymph node metastasis, 
719 
Molecular genetic methodology, sarcomatoid 
carcinoma and, 377 
Molecular genetics, 150—151 
monoclonal origin theory and, 370-374 
of small cell carcinoma, 332—336 
Molecular genetic studies, 666-667 
Molecular grading, 181-186 
of urothelial carcinomas, 185 
Molecular markers, 692, 708 
in bladder cancer, 680—681 
bladder cancer recurrence and, 613 
establishing a set of, 722 
identifying, 186 
for predicting tumor recurrence, 610 
Molecular pathology, 708 
of bladder cancer, 707-733 
of sarcomatoid carcinoma, 368—374 
Molecular pathways, 186 
determining tumor recurrence, 609, 610-612 
molecular therapies targeting, 151—152 
in urothelial carcinogenesis, 711 
Molecular profiling, array-based, 715 
Molecular staging, 718-719 
Molecular studies, sarcomatoid carcinoma in, 
368-369 
Molecular therapies, targeting molecular 
pathways, 151-152 
Monoclonal antibodies, 151, 152 
Monoclonal divergent differentiation theory, 
sarcomatoid carcinoma and, 370 
Monoclonal origin, molecular genetic evidence 
supporting, 370-374 
Monoclonal theory, 148, 718 
sarcomatoid carcinoma and, 356 
Mononuclear cells, 264, 265 
Monophasic sarcomatoid carcinoma, 357 
Morphological variations, in urothelial 
carcinoma, 266-271 
Morphologic grading, 119—120 
Morphologic subtypes, distinguishing, 720 
Mortality, cancer-specific, 230 
mRNA detection rates, 719 
MUC! expression, 253, 504 


MUCSAC apomucin expression, 244 
MUC7, 719 
Muc387 marker, 503 
Mucin 
acid, 94 
extracellular, 78 
Mucin-containing cells, 242, 243 
Mucin-containing epithelial cells, in urinary 
cytology specimens, 626 
Mucin extravasation, 51, 52 
Mucinous adenocarcinoma, 288 
Mucinous carcinoma, urachal, 573-574 
Mucinous lesions, 285 
urachal adenocarcinoma and, 573 
Mucinous tumors, 298—301 
Mucin-secreting goblet cells, 51 
Mucinuria, 95 
Mucosa-associated lymphoid tissue (MALT), 
463 
Mucosal denudation, 23, 24 
Mucosal mast cells, 25 
Mucosal rupture, 24, 25 
Mucusuria, urachal adenocarcinoma and, 573 
Miillerian adenosarcoma, 453 
Miillerianosis, 52, 79 
Multicenter validation studies, 722 
Multiclonal collision theory, sarcomatoid 
carcinoma and, 370 
Multiclonal theory, sarcomatoid carcinoma and, 
356 
Multidrug resistance proteins (MRPs), 690 
Multifocal bladder carcinomas, clonal origin of, 
718 
Multifocal bladder tumors, 717-718 
Multifocality, reporting tumor, 536 
Multifocal tumors, 148, 717-718 
Multifocal urothelial carcinoma in situ, 131 
Multifocal urothelial carcinomas, origin of, 148 
Multigene molecular classifier, 133 
Multilocular urachal cysts, 95 
Multimodality therapy, 338, 368 
Multinucleated giant cells, 447 
atypical, 410 
Multinucleate superficial cells, in urinary 
cytology specimens, 624 
Multinucleation, 650 
Multiple hemangioma/lymphangioma, 437 
Multiple myeloma, 466-468 
Multistep carcinogenesis, 712 
Multitarget fluorescence in situ hybridization 
(UroVysion), 656—660, 661, 662, 663. See 
also Fluorescent in situ hybridization 
(FISH) analysis 
in hematuria analysis, 649 
as tumor recurrence predictor, 617 
Multivariate nomograms, 692 
Muscle invasion, 246 
indeterminate, 208 
Muscle invasion reporting, 530-531 
Muscle invasive cancer, 166, 167, 665 
Muscle-invasive carcinomas, 260 
Muscle-invasive tumors, 138, 172 
Muscle-specific actin, 444 
Muscularia propria, in pT! bladder cancer, 
194 


745 


Index 


Muscularis mucosae, 6, 7, 8, 208—210, 531, 532 
differential diagnosis for, 548—550 
hypertrophic, 533 

Muscularis propria, 6, 8, 9, 10, 11 
differential diagnosis for, 548—550 
reporting on, 527-528, 531 
tumors invading, 141, 220 

Muscularis propria invasion, 209, 221, 222, 326 

Mutational analysis, 714 
of urothelial carcinoma following 

augmentation cystoplasty, 481, 482 

Mycobacterium tuberculosis, 36 

MYC protein, 688 

Myelinated nerve fibers, 13, 14 

Myeloma, multiple, 466—468 

MyoD1 marker, 412, 414, 445 

Myofibroblastic proliferations/neoplasms, 

424-435 

Myofibroblasts, atypical stromal, 72 

Myxoid leiomyosarcoma, 443 

Myxoid MFH, 449. See also Malignant fibrous 

histiocytoma (MFH) 

Myxoid stroma 
acellular, 267 
invasive urothelial carcinoma with, 201 

Myxoid variant, of sarcomatoid carcinoma, 363, 

376, 455 


National Cancer Institute (NCI) classification, of 
rhabdomyosarcoma, 415 
Navicular cells, in urinary cytology specimens, 
626 
Necroinflammatory process, 512-513 
Necrosis, in urothelium, 27 
Necrotizing palisading granulomas, 32, 39 
Neoadjuvant chemotherapy, 368 
Neoplasia, nonkeratinizing squamous, 91 
Neoplasms, 75. See also Myofibroblastic 
proliferations/neoplasms 
aggressive, 442 
benign urothelial, 90-91, 590 
clonal origin of, 370 
following augmentation cystoplasty, 471—484 
papillary, 86 
pediatric, 399-415 
of the renal pelvis and ureter, 589-596 
soft tissue, 454—455 
urothelial, 599 
Nephic duct, 10 
Nephrogenic adenoma, 54—63, 87, 248, 295, 
296, 590 
in children, 403 
clinicopathologic characteristics of, 63 
distinguishing features of, 62 
fibromyxoid, 62 
with signet ring cell feature, 62 
tubulocystic, polypoid, solid, and tubular 
patterns of, 60—61 
Nephrogeniic metaplasia, 54—63, 64, 286, 295 
atypical, 60, 62 
in children, 403 
with cytologic atypia, 63 
differential diagnosis of, 297 
differentiating clinicopathologic 
characteristics of, 298 


746 


papillary and tubulocystic patterns of, 59 
tubules of, 56 
Nerve fibers 
myelinated, 13, 14 
unmyelinated, 13, 14 
Nerve supply, to bladder, 2—3 
Nested growth pattern, urothelial carcinomas 
with, 276 
Nested variant urothelial carcinoma, 203, 204, 
244-248, 249 
differential diagnosis of, 247—248, 249 
in the ureter, 594 
Neuroblastoma tumor suppressor genes, 414 
Neuroendocrine carcinoma 
large cell, 339-341 
metastatic large cell, 345 
secondary, 348 
urinary cytology and, 639 
Neuroendocrine cells, 93, 332 
Neuroendocrine differentiation, 328, 331 
Neuroendocrine markers, urachal 
adenocarcinoma and, 575 
Neuroendocrine marker staining, 329 
Neuroendocrine tumors, 323—353, 556-557 
carcinoid tumors and, 338—339 
Neurofibroma, 346-348, 439-440 
in children, 407 
Neurofibromatosis type 1, 342 
Neurofuzzy modeling (NFM), 692 
Neutrophilic response, 274 
Neutrophils, 75 
9p21, homozygous loss of, 656 
9p21 deletions, bladder cancer recurrence and, 
613 
NMP22 (nuclear matrix protein 22), 656, 
662-664, 692 
Nodal classification, 230—232 
Nodal metastasis, 441 
Nodular fasciitis, 430 
Nomogram prediction, of disease recurrence, 
615 
Nomograms, 692 
Nonallergic eosinophilic cystitis, 25—26 
from mitomycin C therapy, 513 
Noncaseating granulomas, 514 
Noncellular components, in urinary cytology 
specimens, 627 
Nonclear cell adenocarcinoma, of the urethra, 
600-603 
Non-Hodgkin lymphoma, 604 
Noninvasive bladder carcinoma, urothelial 
carcinoma in situ with, 131 
Noninvasive carcinoma, low-grade, 169 
Noninvasive papillary neoplasia, classification 
and grading for, 162-164 
Noninvasive papillary urothelial carcinoma, 162, 
284, 405, 713 
low-grade, 221 
Noninvasive papillary urothelial neoplasms, 
classifying, 167 
Noninvasive papillary urothelial tumors, five 
categories of, 174 
Noninvasive-tumor specimens, 527 
Noninvasive urothelial carcinoma, 94 
Nonkeratinizing squamous differentiation, 240 


Nonkeratinizing squamous metaplasia, 54, 58, 
315 

Nonkeratinizing squamous neoplasia, 91 
Nonlocalized lymphoma, 462 

Nonmuscle invasive bladder cancers, 140 
Nonneoplastic benign conditions, 71, 75-79 
Nonpapillary (flat) intraepithelial lesions, 
classification of, 100 

Nonproprietary markers, 656 

Nonsense mutations, 711 

Nonsmall cell carcinoma components, 325-327, 
331, 334 

Nonulcerative interstitial cystitis, 23, 24—25 
Nonurachal adenocarcinoma, 285 

Normal anatomy, of bladder, 2-3 

Normal histology, of bladder, 3—10 

Normal lamina propria, 6 

NSE (neuron-specific enolase) 

in diagnosing neuroendocrine tumors, 557 
staining for, 343, 411 

N staging, 230—232 

Nuclear abnormalities, 128 

Nuclear anaplasia, 118 

Nuclear atypia, 102 

Nuclear pleomorphism, 475 

Nuclear polarity, 104 

Nuclear pseudoinclusions, solitary fibrous tumor 
and, 440 

Nucleoli, 118 

Numerical chromosomal aberrations, 712 
Numerical chromosomal alterations, 721 


Obstructive symptoms, 436 
Occult hematuria, 646 
Occult lymph node metastasis, 232 
Occupational bladder cancer, 139 
Occupational exposure, carcinogenesis due to, 
139 
OCT4 expression, 717 
Oligoclonality, 718 
Oncogenes, 687-688 
in small cell carcinoma, 335 
Oncogenic alterations, 171—172 
Optimal cytodiagnostic urinalysis (OCU) 
accuracy of, 652 
advantages of, 651 
components of, 651 
of hematuria, 651—652 
renal biopsy findings and, 652 
ORP150 protein, 691 
Osseous metaplasia, urothelial carcinomas with, 
272—274 
Ossification, submucosal, 82 
Osteoarcoma, 364 
Osteoclast-rich undifferentiated carcinoma, 
264-265 
Osteoclast-type giant cell reaction, urothelial 
carcinomas with, 274 
Osteosarcoma, 452, 557 
Ovarian Brenner tumors, 559 
Ovarian cancer metastasis, 503 
Ovarian carcinoma, 253 
Overdiagnosis, of benign cellular changes, 
640 
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p15 gene (INK4B/CDKN2B), 684-685 
p15INK4B expression, bladder cancer 
recurrence and, 613 
p16 gene (INK4/CDKN2/MTS1 ), 684 
p16 immunoreactivity, in distinguishing 
dysplasia and carcinoma in situ from 
normal urothelium, 550 
pl6INK4A expression, bladder cancer 
recurrence and, 613 
p21 gene (WAFI/Cip1/CDKNIA), 684 
p21 positivity, 130 
p27Kip1 (p27*!) expression 
bladder cancer recurrence and, 613 
reduced, 147 
p53 expression, 168, 186, 248, 295 
bladder cancer recurrence and, 613 
p53 gene, wild-type, 681, 682 
p53 gene alterations, 109-110 
p53 gene mutations, 335—336, 481, 681. See 
also p53 mutations 
in pediatric urothelial neoplasms, 406 
p53 immunostaining, 129, 336, 367, 435, 559 
p53 marker/stain, 100, 103, 104, 107 
p53 mutations, 133, 151, 682 
p53 nuclear staining, in distinguishing dysplasia 
and carcinoma in situ from normal 
urothelium, 550 
p53 overexpression, 682 
p53 protein, 129, 130, 347, 682 
mutant forms of, 711 
predictive value of, 683 
p63 expression, 168 
p63 immunoreactivity, 267 
p63 immunostaining, in IMT diagnosis, 432 
p63 marker, 75, 558, 595, 685 
in differentiating primary squamous cell 
bladder carcinoma from secondary 
tumors, 552 
in distinguishing urothelial carcinoma from 
prostate adenocarcinoma, 551 
in urothelial carcinoma diagnosis, 547 
P5048 (w-methylacyl-CoA racemase), 501. See 
also a-Methylacyl-CoA racemase 
(AMACR/PS504S) immunoreactivity 
Pagetoid CIS, 121—123, 124 
Pagetoid growth, 119 
Pagetoid spread, of carcinoma in situ, 315 
Painless hematuria, 424 
Paired box homeotic 8 (PAX8), 504, 555. See 
also PAX entries 
PAK] expression, tumor recurrence and, 612 
Pancytokeratin, 557 
in IMT diagnosis, 432 
Papillary architecture, 86 
Papillary cancer, recurrence of, 147 
Papillary clear cell adenocarcinoma, 293 
Papillary cystitis, 67, 92, 316 
Papillary fronds, 22 
Papillary hyperplasia, 65-67 
inflammatory, 67 
Papillary neoplasms, 86 
Papillary—polypoid cystitis, 20, 21 
Papillary tumors, 87, 90, 638 
high-grade, 150-151 
low-grade, 65, 150, 680 


Papillary ureteritis, 584 
Papillary urothelial carcinoma, 141, 194, 476, 
548 
with early invasion, 202 
high-grade, 21—22 
low-grade, 21, 22, 65 
low-grade noninvasive, 221 
with microinvasion, 199 
with microinvasion into the “stalk,” 199, 203 
noninvasive, 284, 405, 713 
of the ureter, 592, 593 
Papillary urothelial hyperplasia, 65, 67 
Papillary urothelial neoplasm of low malignant 
potential (PUNLMP), 87, 164, 167, 168, 
183, 634-635. See also PUNLMP entries 
in children, 406 
clinical management of, 169 
creation of, 186-187 
diagnosis of, 169-173 
genetics of, 171-172 
recurrence and progression of, 170 
tumor recurrence and, 611 
in upper urinary tract, 171 
urinary cytopathology and, 171 
Papillary urothelial neoplasms, 21—22, 63 
Papillary urothelial tumors, 464 
grading of, 177 
Papilloma 
inverted, 90—91, 92, 384-390 
restrictive criteria for, 86 
squamous cell, 91—92 
of the urinary bladder, 86—90 
urothelial, 86-89 
Papillomatosis, diffuse, 67, 90, 91 
Papillomavirus, effect on urinary tract, 629—630 
Papovavirus, 27 
Paraganglioma, 248, 339, 343-346, 440-441, 
454 
in children, 416 
differential diagnosis for, 345 
origin of, 345-346 
Paraganglionic tissue, 10 
Paraneoplastic syndromes, 324 
Parasites, in urinary cytology, 629 
Parasitic bladder infection, 629 
Parasympathetic nerves, of bladder, 3 
Partial cystectomy, urachal adenocarcinoma and, 
576 
Partial cystectomy specimens, handling, 530 
Partially sampled specimens, 527 
Patent urachus, 568-569 
Pathological alterations 
associated with gene therapy, 520 
associated with intravesical immunotherapy, 
515 
associated with mitomycin C and thiotepa 
treatment, 513 
associated with photodynamic/laser therapy, 
520 
associated with systemic cyclophosphamide 
treatment, 510 
Pathologic imaging, 232 
Pathologic stage 
as a predictor of patient survival, 368 
reporting, 532 


Pathology. See also Molecular pathology 
of renal pelvis, ureter, and urethra, 581—608 
of urachus, 567—579 
Pathology reporting, 525, 530-541 
PAX2 expression, 62, 555 
PAX7 locus, 414 
PAX FKHR gene fusion, 414 
PCNA labeling index, 680-681 
PCR-based technologies, 720. See also 
Polymerase chain reaction (PCR) 
PEComas. See Perivascular epithelioid cell 
tumors (PEComas) 
Pediatric cystoplasty patients, clinicopathologic 
and molecular characteristics of urothelial 
carcinoma in, 474 
Pediatric IMT, 408. See also Inflammatory 
myofibroblastic tumor (IMT) 
Pediatric neoplasms, 399-415 
Pediatric rhabdomyosarcoma, 408-415 
clinical features of, 408—409 
differential diagnosis of, 411—412 
immunohistochemistry of, 411 
macroscopic pathology of, 409 
microscopic pathology of, 409-411 
molecular genetics of, 412—414 
prognosis of, 414-415 
TNM staging of, 415 

Pelvic carcinoid, 603 

Pelvic exenteration specimens 
handling, 528-530 
protocol for examining, 534—536 
sectioning, 530 

Pelvic lipomatosis, 50 

Penile urethra, 13 

Perineural inflammation, 24 

Perineural invasion, 230 

reporting, 538-539 

Periodic acid—Schiff (PAS)-positive cytoplasmic 
granules, 341 

Peritumoral vessels, 690 

Periurethral gland adenocarcinomas, female, 
601-603 

Periurethral glands, 13 

Perivascular epithelioid cell tumors (PEComas), 
454, 489-493 

Perivesical tumor extension, 229 

Personalized medicine, vii, 721 

Peyronie’s disease, 583, 584, 585 

Phenacetin, effects of, 514 

Phenotypic variability, 359 

Pheochromocytoma, 603 

Photodynamic therapy, effects of, 520-521 

Pigmented lesions, 79-80 

Pigments, leading to hematuria, 648 

PIK3CA mutations, 686 

PIN4 cocktail, 75 

Placental S-100 (S100P), in urothelial carcinoma 
diagnosis, 548 

Plasmacytoid cell bladder tumors, 467 

differential features of, 260 

Plasmacytoid variant urothelial carcinoma, 
257—260, 467, 468, 560 

Plasmacytoma, 466—468, 603, 604 

Pleomorphic giant cell carcinona, 265-266 
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Pleomorphic MFH, 447. See also Malignant 
fibrous histiocytoma (MFH) 
Polyclonal lymphoid stroma, 260 
Polymerase chain reaction (PCR), 666. See also 
PCR-based technologies; Reverse 
transcriptase—polymerase chain reaction 
(RT-PCR) 
Polyomavirus, 640-641 
Polyomavirus (BK virus) infection, 27—29, 30 
effect on urinary tract, 629-630 
systemic cyclophosphamide treatment and, 
510, 511 
Polypoid cystitis, 19, 67, 73 
Polypoid hamatoma, 75, 569 
Polypoid lesions, 72-75 
in children, 403—404 
Polypoid masses, 357, 358 
Polyps, 71, 72-75 
fibroepithelial, 584, 586 
fibrovascular, 597 
urethral inflammatory, 587 
urethral prostatic, 590 
Polysomy 17, 719 
Postcystectomy nomograms, 692 
Postcystectomy ureteral CIS, 132 
Postoperative spindle cell nodules (PSCNs), 
272, 424, 431, 434, 435, 436, 440, 449, 
521, 559 
sarcomatoid carcinoma and, 362 
Postsurgical necrobiotic granuloma, 32, 508, 
521 
pRB expression, 685 
Precancerous bladder lesions, 115 
Precancerous lesions, 130 
Predictive biomarkers, 129—130 
Premalignant changes, 718 
Preneoplastic lesions, 148 
Primary adenocarcinoma, 51, 285, 499 
Primary amyloidosis, 80 
Primary bladder carcinoid tumor, 339 
Primary bladder lymphoma, 466 
Primary carcinoma in situ (CIS), 114, 115, 714 
molecular characteristics of, 133 
prognosis of, 130-131 
secondary CIS vs., 117 
Primary invasive micropapillaru carcinoma, 504 
Primary liposarcoma, 454 
Primary lymphoma, 462-463 
Primary malignant melanoma, 486, 487, 493 
Primary paraganglioma, 441 
of the bladder, 343-346 
in children, 416 
Primary plasmacytoma, 468 
Primary rhabdoid tumor, 489 
in children, 416 
Primary rhabdomyosarcoma, 364-367 
Primary signet ring cell carcinoma, 554-555 
Primary squamous cell bladder carcinoma, 
differentiating from secondary tumors, 
552-553 
Primary urachal adenocarcinoma, 487 
Primary urothelial dysplasia, 107—108 
progression of, 108 
Primary vesical amyloidosis, 80-81 
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Primary yolk sac tumor, of the urachus, 
576-577 
Primitive neuroectodermal tumors (PNETs), 
341-342, 449-450, 451, 557 
PR marker, 79 
Proctoderm, 2 
Progesterone receptor, 77 
Prognostic markers, 721 
Proliferating cell nuclear antigen (PCNA), 
680-681 
Proliferation markers, 680—681 
Proliferative cystitis, 339 
in children, 403 
Prominent eosinophilic cytoplasm, urothelial 
carcinomas with, 275 
Prominent luminal spaces, urothelial carcinomas 
with, 275-276 
Prominent lymphoid reaction, urothelial 
carcinomas with, 274-275 
Prominent superficial umbrella cells, urothelial 
carcinomas with, 276 
Promoter CpG island methylation, as tumor 
recurrence predictor, 616 
Proprietary markers, 656 
Prostate. See also Ductal-type prostate 
adenocarcinoma 
invasion by urothelial carcinoma, 146 
involvement in urothelial carcinoma, 
147-148 
sectioning, 530 
small cell carcinoma of, 331 
Prostate adenocarcinoma, 62, 87—90, 94, 274, 
277, 297, 601 
clinicopathologic characteristics of, 63 
differentiating clinicopathologic 
characteristics of, 298 
distinguishing from urothelial carcinoma, 
551-552 
extension/metastasis from, 286—288 
extension to bladder, 500-503 
inverted growth urothelial carcinoma and, 
397 
metastatic, 52, 57 
urinary cytology and, 640 
urothelial carcinoma vs., 502 
Prostate cancers, poorly differentiated, 500 
Prostate invasion, 227—230 
Prostate-specific membrane antigen (PSMA), in 
distinguishing urothelial carcinoma from 
prostate adenocarcinoma, 552 
Prostatic carcinoma, 268 
Prostatic ductal adenocarcinoma, 599 
Prostatic ducts, 117 
Prostatic small cell carcinoma, 348 
Prostatic tissue, ectopic, 73-75 
Prostatic urethra, 13 
Prostatic urethra involvement, 117 
Prostein (P501S), 75 
Proteinaceous secretions, 243, 276 
Protein-based biomarkers, 666 
Protein expression alterations, 715 
Proteomics, 715 
Proximal tubular cells, hematuria and, 650 
Proximal tumors, 600 
Prune belly syndrome, 401, 569, 570 


PSA (prostate-specific antigen) marker, 75, 288, 
501 
in distinguishing urothelial carcinoma from 
prostate adenocarcinoma, 551, 552 
PSAP (prostatic serum acid phosphatase) 
marker, 75, 288, 501 
in distinguishing urothelial carcinoma from 
prostate adenocarcinoma, 551, 552 
Pseudocarcinomatous epithelial hyperplasia, 22, 
66, 67, 206, 207 
from cyclophosphamide therapy, 508, 510 
from radiation therapy, 517-518 
Pseudocarcinomatous epithelial proliferation, 31 
Pseudoinvasive nests, of benign proliferative 
urothelial lesions, 206 
Pseudomembranous trigonitis, 40 
Pseudopapillary growth, 63 
Pseudosarcomatous epithelial hyperplasia, 508 
Pseudosarcomatous myofibroblastic proliferation 
(PMP), 434 
Pseudosarcomatous stroma, 72, 73 
invasive urothelial carcinoma with, 201 
Pseudosarcomatous stromal reaction, urothelial 
carcinomas with, 272, 273 
pTO bladder cancer, incidence of, 218 
pTO carcinoma, 218 
pT1 bladder cancer 
lymphovascular invasion in, 210—211, 213 
management of, 194 
substaging of, 211 
pT1 carcinoma, 220 
pT lc disease, 209 
pT1 tumors, 151 
defined, 194 
recurrence and progression rates for, 208, 
209, 210 
substaging of, 210 
pT1 urothelial carcinoma, 193-215 
diagnosis of, 194—199 
lymphovascular invasion in, 210—211, 213 
pitfalls in diagnosing, 203—208 
pT2a bladder cancer, 221 
pT2a bladder carcinoma, clinical outcome of, 
224 
pT2b bladder cancer, 221, 222, 223 
pT2b bladder carcinoma, clinical outcome of, 
224 
pT2 bladder cancer, 221, 222, 223, 226 
pT2 carcinoma, 220-223 
pT2 urothelial carcinoma substaging, 224 
pT3a tumors, 223 
pT3b bladder cancer, 225 
pT3 bladder cancer, 226 
pT3 bladder carcinoma, 223 
pT3b tumors, 223 
pT3 carcinoma, 223—226 
pT3 tumor subdivisions, 223 
pT4 bladder cancer, 227, 228, 229 
pT4 carcinoma, 226—230 
pTa bladder carcinomas, 719 
pTa carcinoma, 218—220 
pTa tumors, 151 
pT(m)NM classification, 234. See also pTNM 
classifications 
PTCH gene, 414 
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PTEN (phosphatase and tensin homolog deleted 
on chromosome 10) gene, 685 

PTEN expression, 5, 14, 685 

pTNM classifications, 232—234. See also 
pT(m)NM classification 

Pulmonary small cell carcinoma, 338 

PUNLMP diagnostic category, 173, 174, 176, 
177. See also Papillary urothelial 
neoplasm of low malignant potential 
(PUNLMP) 

PUNLMP progression rates, 169 

PUNLMP terminology, 172-173 

PUNLMP treatment/follow-up, 172 

PUNLMP tumors, 171 

Pure spindle cell carcinoma, 357 

Pyelitis, 583 

Pyknotic nuclei, 638 


Radiation cystitis, 29-31 
chronic, 515 
Radiation-induced bladder cancer, 519 
Radiation-induced changes, 515-519, 520 
Radiation-induced urothelial atypia, 129 
Radiation-induced vascular changes, 517 
Radiation injury, late complications of, 519 
Radiation therapy, 338, 357 
effects of, 129, 515-519, 520 
effects on urinary cytology, 629, 632 
Radical cystectomy, 132, 368 
in young patients, 147 
Radical cystoprostatectomy, 132 
Radiotherapy, 368 
Random biopsies, 527 
Rare bladder tumors, in children, 416 
Rare tumors, 485-495 
RAS cell cycle regulation pathway, 709 
RAS genes, 687 
RAS-—MAPK pathway, activation of, 710 
RAS mutations, 686 
RAS p21, 687 
RB1 expression, 5, 14 
RB alterations, in bladder cancer, 685 
Rb pathway, 152 
Reactive atypia, 128 
cellular features of, 633 
distinguishing dysplasia and carcinoma in 
situ from, 550-551 
Reactive urothelial atypia, 100, 101—104 
from cyclophosphamide therapy, 508-510 
from mitomycin C therapy, 512 
from radiation therapy, 516-517 
Reactive urothelium, 102 
Receptors, 685-686 
Recurrence, tumor status and, 172 
Recurrence rates 
for pT1 tumors, 208, 209, 210 
PUNLMP, 170, 172 
Recurrence risk 
of noninvasive grade 2 urothelial carcinoma, 
166 
of noninvasive grade 3 urothelial carcinoma, 
167 
Recurrent tumors, 162, 712 
Recurrent urothelial carcinoma in situ (CIS), 
131 


Red blood casts, 652 
Red blood cells 
dysmorphic, 646-647 
isomorphic, 647 
Renal biopsy findings, optimal cytodiagnostic 
urinalysis and, 652 
Renal casts, in urine sediment, 650-651 
Renal cell carcinoma, 295—298 
Renal cells, origin of, 652 
Renal epithelial cell fragments, hematuria and, 
650 
Renal epithelium, hematuria and, 650 
Renal parenchymal disease, 652 
Renal pelvis, 10-11 
adenocarcinoma of, 596 
congenital anomalies of, 582-583 
neoplasms of, 589-596 
soft tissue tumors of, 603 
subepithelial hematoma of, 589 
Renal pelvis tumors, 81 
histological classification of, 585 
TNM classification of, 596 
Renal transplant, 54 
Renal transplant recipients, urinary cytology in, 
629 
Renal tubular cells, 666 
hematuria and, 650 
in urinary cytology specimens, 626 
Reporting, 525 
on bladder biopsy specimens, 527, 530-532 
on cystectomy specimens, 528—529 
on muscularis propria, 527—528, 531 
on transurethral resection specimens, 527, 
532 
Retinoblastoma (RB) gene, 684—685 
Retroperitoneal fibrosis, idiopathic, 583—584, 
586 
Reverse transcriptase—polymerase chain reaction 
(RT-PCR), 719. See also Polymerase 
chain reaction (PCR) 
in lymph node metastasis detection, 232 
Rhabdoid features, in urothelial carcinomas, 
271 
Rhabdoid tumor, 489 
in children, 416 
Rhabdomyoblasts, 409, 410, 411, 412, 413, 
444 
Rhabdomyoma, 411 
Rhabdomyosarcoma (RMS), 342, 364-367, 
444-446 
alveolar, 410 
botryoides-type, 73 
in children, 408-415 
international classification of, 415 
National Cancer Institute classification of, 
415 
patterns of, 410-411 
Rhabdomyosarcoma component, of sarcomatoid 
carcinoma, 361 
Risk factors, for bladder cancer, 138—139, 680 
Risk prediction, 692 
RNA viruses, 27 
rTNM (residual TNM) classification, 234 
Rupture, 82 
in children, 403 


S-100 protein, 343, 344, 345. See also Placental 
S-100 (S100P) 
S-100 protein immunostaining, 440, 447, 449, 
453, 489, 493, 557 
SAA serum protein, 80 
Sandwich ELISA test, 663. See also 
Enzyme-linked immunosorbent assay 
(ELISA) 
Sarcoma 
arising in urachus, 576 
in IMT diagnosis, 432 
Sarcomatoid carcinoma, 144, 263, 355-381, 
412, 444, 445, 454, 455, 557, 558, 559, 
592, 595, 599 
clinical presentation of, 357 
definition and terminology of, 356 
future perspectives on, 375—377 
histogenesis of, 356, 369-370 
immunohistochemistry and differential 
diagnosis of, 360-367 
immunohistochemistry in, 433 
in IMT diagnosis, 432 
key features differentiating spindle cell 
lesions from, 366 
malignant fibrous histiocytoma and, 
447-449 
model of, 369 
molecular pathology of, 368-374 
monophasic, 357 
myxoid variant of, 363, 376, 455 
pathology of, 357-359 
prognosis and treatment of, 368 
after radiation therapy, 520 
ultrastructural features of, 360 
upper urinary tract, 367 
ureteral, 367 
Sarcomatoid phenotype, 375 
Sarcomatoid transformation, 375—377 
Sarcomatoid urothelial carcinoma, laser capture 
microdissection of, 371—372 
Schiller—Duval bodies, 487 
Schistosoma-associated squamous cell 
carcinoma, 308-311 
Schistosoma haematobium, 629 
Schistosomal polyposis, 33 
Schistosomiasis, 306 
active vs. inactive, 35 
Schistosomiasis-associated cystitis, 33-35, 36 
Schistosomiasis haematobium infection, 52 
Schistosomiasis-induced bladder cancer, 33—35 
Schwannoma, 348 
SDH genes, 346 
Sebaceous differentiation, 311—312 
Secondary adenocarcinoma, 498—503 
Secondary amyloidosis, 80 
Secondary CIS, 114, 115, 117 
molecular characteristics of, 133 
primary CIS vs., 117 
Secondary dysplasia, 108 
Secondary invasive micropapillary carcinoma, 
504 
Secondary lobular carcinoma, of breast, 
503-504 
Secondary lymphoma, 462 
Secondary neuroendocrine carcinoma, 348 


749 


Index 


Secondary tumors, 497-505 

differentiating primary squamous cell bladder 
carcinoma from, 552—553 
urinary cytology and, 639 
Sectioning 
of cystoprostatectomy specimens, 529-530 
of exophytic tumors, 529 
of pelvic exenteration specimens, 530 
of the prostate, 530 
Sections, number to be taken, 529 
Sensor functions, of urothelium, 5—6 
Serum markers, as bladder cancer recurrence 
predictors, 617 

17p13 deletions, 65 

Sex chromatin body, in urinary cytology 
specimens, 624 

sFRPI gene, 714 

Side population cells, 717 

Signal transduction pathways, for FGFR2 

receptors, 708—709 
Signet ring cell adenocarcinoma, 270, 288—290, 
291, 466, 468 

Signet ring cell carcinoma, 504, 554—555, 595 
urachal adenocarcinoma and, 574-575 

Signet ring cell feature, 62 

Simple urothelial hyperplasia. See Flat (simple) 

urothelial hyperplasia 

Single nucleotide polymorphism (SNP) analysis, 

667 
Single-strand conformation polymorphisms 
(SSCPs), 370 

Skene glands, 14 

SMA immunoreactivity, 436—437, 440, 453. See 

also Smooth muscle actin (SMA) 

Small cell carcinoma, 272, 324—338, 556-557 
differential diagnosis of, 330—331 
epidemiology and clinical features of, 324 
histogenesis of, 331—332 
immunohistochemistry of, 328—330 
molecular genetics of, 332-336 
oncogenes in, 335 
pathologic findings of, 324—328 
prognostic factors for, 335-337 
of the prostate, 331, 348 
pulmonary, 338 
staging, treatment, and outcome of, 337-338 
ultrastructural features of, 328 
urinary cytology and, 639 
of the uterine cervix, 335 

Small cell CIS pattern, 118, 120 

Small lymphocytic lymphoma, 462 

Smoking 
effects of, 139 
urothelial carcinoma and, 405—406 

Smoking cessation, 139 

Smoothelin, 8 
in distinguishing muscularis propria from 

muscularis mucosae, 548—550 
Smooth muscle actin (SMA), 435, 490, 558. See 
also SMA immunoreactivity 
inflammatory myofibroblastic tumor and, 426 

Smooth muscle metaplasia, 78 

Smooth muscle tumor cells, 493 

Soft tissue lesions, 491 

Soft tissue neoplasms, 454-455 
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in children, 407—415 
Soft tissue tumors, 423—459 
benign, 435-442 
immunohistochemistry in, 433 
malignant, 442—454 
of renal pelvis, ureter, and urethra, 603 
of urachus, 572 
Soft tissue urinary bladder tumors, differential 
features of, 433 
Solid alveolar rhabdomyosarcoma, 445 
Solid clear cell adenocarcinoma, 293 
Solid growth pattern, urothelial carcinomas with, 
276 
Solitary fibrous tumor, 440 
Space of Retzius, 10 
Specimens 
dissection of, 529-530 
fixation of, 529 
handling of, 525, 526-530 
orientation of, 528-529 
Spindle cell component, of bladder carcinoma, 
356 
Spindle cell lesions, 364 
immunohistochemistry of, 558 
key features differentiating sarcomatoid 
carcinoma from, 366 
Spindle cells, 326, 348, 434. See also 
Postoperative spindle cell nodules 
(PSCNs); Pure spindle cell carcinoma 
inflammatory myofibroblastic tumor and, 
425, 428 
inverted papilloma with, 386, 387 
in pediatric IMT, 408 
solitary fibrous tumor and, 440 
Spindle cell tumors, 557—559 
Squamous cell bladder carcinoma, differentiating 
from secondary tumors, 552—553 
Squamous cell carcinoma, 22, 34—35, 54, 241, 
273, 305-314, 553, 596, 601, 602, 666 
biological behavior of, 306 
in children, 405—406, 416 
diagnosis of, 308 
epidemiology, clinical features, and risk 
factors of, 306 
extension to bladder, 503 
histologic grading of, 307—308 
macroscopic pathology of, 306 
microscopic pathology of, 306-308 
morphologic variations of, 308, 309, 310 
prognostic features of, 306 
Schistosoma-associated, 308—311 
of the urachus, 576 
of the urethra, 600 
urinary cytology and, 639 
Squamous cell carcinoma in situ, 315, 316, 317 
Squamous cell papilloma, 91—92 
Squamous cells, in urinary cytology specimens, 
626 
Squamous differentiation, 240—241 
carcinoma in situ with, 123-126 
urothelial carcinoma with, 146, 240—241, 242 
Squamous epithelium, 14 
trigonal glycogenated, 54 
Squamous lesions, 314—320 


Squamous metaplasia, 19, 52-54, 56, 314, 320, 
400, 401, 587 
in children, 403 
of the urethra, 585 
Squamous mucosa, 311 
Squamous neoplasia, nonkeratinizing, 91 
Squamous papilloma, 315, 317, 318, 598 
differential diagnosis of, 313 
Squamous pearls, 639 
Stage pT1 urothelial carcinoma. See pT1 
urothelial carcinoma 
Staghorn vessel configuration, 451 
Staging. See also TNM entries 
of bladder cancer, 217—237, 708 
molecular, 718—719 
of urachal tumors, 572 
Staging system of 2010, 194. See also TNM 
entries 
Staphylococcus aureus, 569 
Stellate fibroblasts, 78 
Stem cells, cancer, 717 
Stem cell theory, 331-332 
Stromal atypia, from mitomycin C therapy, 513 
Stromal cells, 8, 9 
bizarre, 206 
Stromal edema, 517, 583 
Stromal-—epithelial interface, in diagnosing 
lamina propria invasion, 194 
Stromal fibrosis, from cyclophosphamide 
therapy, 508 
Stromal giant cells, 29, 30 
Stromal hemorrhage, 24 
Stromal inflammatory response, 127 
Stromal invasion, diagnosis of, 194 
Stromal myofibroblasts, atypical, 72 
Stromal response 
in diagnosing lamina propria invasion, 
196-199 
with inverted growth urothelial carcinoma, 
392 
Stromal sarcoma, 452 
Stromal xanthoma cells, 72 
Structural chromosomal alterations, 712 
Sturge—Weber syndrome, 437 
Subepithelial connective tissue, of the bladder, 
208 
Subepithelial hematoma, of the renal pelvis, 589 
Subepithelial hemorrhage, 82 
Subepithelial invasion, 119 
Subepithelial pelvic hematoma, 82 
Submucosal calcification/ossification, 82 
Submucosal hemorrhage, from radiation therapy, 
516 
Substaging 
of pT1 bladder cancer, 211 
of pT1 tumors, 210 
of urothelial carcinoma, 208—210 
Suburothelial hemorrhage, 25 
Sulfur granules, 40 
Superficial bladder cancer, 218—220 
Superficial bladder tumors, 140-141 
Superficial cells, 118 
from thiotepa therapy, 513 
in urinary cytology specimens, 624—625 
of urothelium, 5, 647 
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Superficial tumors, 147 
Superficial umbrella cells, 640 
urothelial carcinomas with, 276 

Surgery-related pathologic lesions, 521 

Surgical margins, reporting, 539, 540 

Surgical pathology, vii 

Surveillance, Epidemiology, and End Results 
(SEER) Program, 368 

Surveillance schedule, 172 

Survivin, 721 

Suture granuloma, 32—33, 521 

Sympathetic nerves, of bladder, 2—3 

Synaptophysin, in diagnosing neuroendocrine 
tumors, 557 

Synchronous renal cell carcinoma, 595 

Syncytiotrophoblastic giant cells, 265, 487, 488, 
489 

urothelial carcinomas with, 268—270 

Syphilis, 40 

Systemic cyclophosphamide treatment, 107 

Systemic cyclophosphamide (cytoxan) therapy, 
effects of, 508—512 


T1 bladder carcinoma, 683 
T1G3 tunors, 611 
T2 bladder cancer, 221 
T2 carcinomas, 531 
subclassification of, 220—223 
T4a tumor, 117 
TaG1/TaG2 tumors, 611 
TaG3 tumors, 611 
Tamm-—Horsfall protein (THP), 25, 81 
Tamm-—Horsfall protein deposit, 81, 650 
Tamm-—Horsfall pseudotumor, 81 
Tangential sectioning, in diagnosing urothelial 
carcinoma, 203—204 
Targeted therapy, 721-722 
T-cell lymphoma, 464 
Telomerase, 690 
Telomere shortening, 51, 55, 284, 690 
Telomeric Repeat Amplification Protocol 
(TRAP), 690 
Ten-year specific cancer survival rates, 220, 221 
Tetraploid low-grade carcinoma, 665 
TFE3 antibody, 453 
TGF-£ 1 expression, 691 
Therapeutic procedures, urine cell changes from, 
641 
Therapies 
correlation with molecular characteristics, 
722 
reaction to, 508—523 
Therapy-induced changes, 128, 129 
Therapy-related atypia, 128 
Thermal artifact, in transurethral resection, 205 
Thermal injury, in TUR specimens, 204 
Thick-walled blood vessels, 7-8 
Thiotepa, 128 
effects of, 513-514 
urinary cytology and, 630 
Third pathway, to high-grade carcinoma, 712 
Thrombomodulin, 264, 503 
in diagnosing glandular tumors, 554, 
555-556 


in urothelial carcinoma diagnosis, 546, 548 
Thyroid transcription factor 1 (TTF-1), 330, 
331, 504 
Thyroid transcription factor 1 (TTF-1) 
immunostaining, in diagnosing 
neuroendocrine tumors, 556—557 
Tissue artifacts, reporting, 539—540 
Tissue-based biomarkers, 656, 679—706 
TMPRSS2-—ERG gene fusion, 331, 332, 333, 348 
TNM (tumor, lymph node, and hematogenous 
metastasis) staging system of 2002, 218 
TNM (tumor, lymph node, and hematogenous 
metastasis) staging system of 2010, 218, 
220, 230, 530, 582. See also Staging 
system of 2010 
renal pelvis and ureter tumors in, 596 
of urethral tumors, 601 
TNM descriptors, 232—234 
TNM stage groupings, 220 
TNM staging system, 114, 117 
pediatric rhabdomyosarcoma and, 415 
TP53 -associated pathway, 150, 152, 610, 708, 
711-712 
TP53 missense mutaions, 682 
TP53 mutations, 109, 129—130, 150, 162, 183, 
184, 185, 186, 370-371, 390, 682-684, 
688, 708, 711-712, 718-719 
bladder cancer recurrence and, 613 
germline transmission of, 684 
as patient outcome predictor, 612 
pediatric urothelial neoplasms and, 406 
tumor recurrence and, 611—612 
TP53 point mutations, 720-721 
TP63 gene, 685 
Trabecular inverted papilloma, 385, 386, 387 
Transducer functions, of urothelium, 5 
Transitional cell carcinoma (TCC), 503, 599, 
681 
literature review of, 473 
Transition features, multiclonal collision theory 
and, 370 
“Transition zone,” 720 
Transurethral resection (TUR), 140, 141, 172, 
338, 368, 384. See also TUR specimens 
granuloma after, 31—32, 521 
thermal artifact in, 205 
Transurethral resection for bladder tumor 
(TURBT), 368 
Transurethral resection of the bladder (TURB) 
specimens, 223, 225, 226, 526, 527 
Trauma, reactive changes after, 640 
Treatment effects, 507-523. See also Therapy 
entries 
reporting, 540 
Treatment-related granulomatous cystitis, 521 
Trematodes, in urinary cytology, 629 
Trichomonal cystitis, 40 
Trigonal cyst, 401 
Trigonal glycogenated squamous epithelium, 54, 
58 
Trigone, 3 
Triple staining, 129, 130 
Trophoblastic differentiation, 268 
TSCI gene, 685 
TTF-1 expression, 336 


Tuberculous cystitis, 36 
Tuberculous granuloma, 36 
Tubular cells, in urinary cytology specimens, 
626 
Tubular clear cell adenocarcinoma, 293, 294, 
296 
Tubules, urothelial carcinomas with small, 
267—268 
Tubulocystic clear cell adenocarcinoma, 293 
Tubulovillous adenoma, 92—94, 284 
Tumor-associated stromal reactions, 272—277 
Tumor configuration, reporting, 536 
Tumor grading, future perspectives on, 186-187 
Tumor growth pattern, reporting, 536-537 
Tumor growth suppression, from mitomycin C 
and thiotepa therapy, 513-514 
Tumor heterogeneity, 174—181 
in urothelial carcinoma, 146 
Tumorigenesis, 712 
Tumor-initiating cell (T-IC), 150 
Tumor invasion, into muscularis propria, 220 
Tumor-like processes, urinary cytology and, 632 
Tumor multicentricity, in bladder cancer, 
148-149 
Tumor multifocality, reporting, 536 
Tumor mutations, disease progression and, 692 
Tumor nercrosis, from photodynamic therapy, 
520 
Tumor nests, 246 
Tumor origin, immunochemical biomarkers for 
establishing, 502 
Tumor recurrence, 141 
as a clinical concern, 610 
of grade 1 urothelial carcinoma, 165 
of low-grade urothelial carcinoma, 168 
molecular determinants of, 609—622 
predicting, 610, 612-613 
TP53 mutations and, 611—612 
UroVysion for predicting, 659 
Tumor recurrence predictors 
combined biomarkers as, 613—616 
epigenetic alterations as, 616 
genomic alterations as, 616-617 
Tumors 
carcinoid, 338-339 
with carcinomatous and sarcomatous features, 
356 
clonal signatures of, 617 
germ cell, 487—489 
grading and staging, 708 
hematopoietic, 461, 466-468 
lymphoid, 461, 462—466 
multifocal, 717—718 
neuroendocrine, 323-353, 556-557 
ptognostic groups of, 692 
rare, 485-495 
recurrent, 712 
secondary, 497-505 
spindle cell, 557-559 
urethral, 596—603 
Tumor size, reporting, 532-534 
Tumor staging, 718 
Tumor status, recurrence and, 172 
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Tumor suppressor genes, 152, 346, 414, 
682-685 
epigenetic silencing of, 616 
inactivation of, 712 
Tumor suppressor gene therapy, 520 
TUR specimens, 203—204, 218, 223. See also 
Transurethral resection (TUR) 
depth of invasion in, 210 
handling, 526-528 
protocol for examining, 533-534 
reporting on, 527, 532 
urothelial carcinoma in, 212 
Typical papillary hyperplasia, 65 


Ulcerative cystitis, 627 
Ulcerative interstitial cystitis, 23 
Umbilicovesical fascia, 10 
Umbrella cells, 118, 404, 640 
in urinary cytology specimens, 624—625 
urothelial carcinomas with, 276 
of urothelium, 647, 650 
mbrella cell thickness, 3, 4—5 
ndermining CIS, 121-123 
ndifferentiated carcinoma, osteoclast-rich, 
264-265 
ndifferentiated rhabdomyosarcoma, 410 
nited States, bladder cancer in, 139 
nmyelinated nerve fibers, 13, 14 
pper urinary tract (UUT), urethral carcinoma 
in situ involvement in, 132 
pper urinary tract sarcomatoid carcinoma, 367 
pper urinary tract tumors, 140 
rachal abnormalities, 401—402 
rachal adenocarcinoma, 51, 298—301, 
573-576 
diagnostic criteria for, 575-576 
differential diagnosis for, 572 
management of, 576 
rachal adenoma, 95 
rachal canals, 10, 11 
rachal cancer, 569 
rachal carcinoma, 572 
rachal cysts, 570, 571 
multilocular, 95 
rachal diverticula, 570 
rachal lesions, 568 
rachal polypoid hamartoma, 75 
rachal remnants, 12, 569, 576 
rachal resection specimens, handling, 530 
rachal segments, 10 
rachal tumors, staging of, 572 
rachal yolk sac tumor, 487 
rachus, 10 
benign neoplasms of, 568, 571—572 
benign soft tissue tumors of, 572 
congenital anomalies of, 568-570 
infectious conditions of, 570-571 
malignant neoplasms of, 572—577 
malignant tumors arising in, 576-577 
pathology of, 567—579 
sarcoma arising in, 576 
squamous cell carcinoma of, 576 
urothelial carcinoma of, 576 
Ureter, 10-11, 12 
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congenital anomalies of, 582—583 
neoplasms of, 589—596 
soft tissue tumors of, 603 
reteral CIS, postcystectomy, 132 
reteral diverticulum, 583 
reteral duplication (duplex), 582 
reteral ectopia, 582 
reteral endometriosis, 79, 585—587 
reteral obstruction, 583 
reteral sarcomatoid carcinoma, 367 
reteric carcinoid, 603 
reteric orifices, 164—165 
reteritis, 583, 584 
reteritis cystitis, 583 
reterocele, 582—583 
reter tumors 
histological classification of, 585 
TNM classification of, 596 
rethra, 11—14 
adenocarcinoma of, 600-603 
benign epithelial tumors of, 597 
congenital anomalies of, 583 
female, 11, 14 
male, 11-13 
penile, 13 
prostatic, 13 
soft tissue tumors of, 603 
squamous cell carcinoma of, 600 
rethral carcinoma in situ (CIS), involvement in 
upper urinary tract, 132 
rethral carcinomas, 597—603 
male vs. female, 599 
rethral caruncle, 587, 588—589 
rethral diverticula, 587 
rethral epithelium, 11, 14 
rethral inflammatory polyps, 587 
rethral prostatic polyp, 590 
rethral transitional cell carcinoma (TCC), 599 
rethral tumors, 596—603 
TNM classification of, 601 
WHO histological classification of, 597 
rethritis, 583 
rinalyses 
abnormal, 646 
of hematuria, 651—652 
rinary bladder. See also Bladder 
angiosarcoma of, 445, 446, 447, 448 
augmentation cystoplasty of, 472 
benign soft tissue tumors of, 435-442 
choriocarcinoma of, 487, 488, 489 
germ cell tumors of, 487—489 
glandular/gland-like lesions of, 47 
granular cell tumors of, 442, 492, 493—494 
leiomyosarcoma of, 442—444 
leukemia and, 466 
malignancies involving, 504 
malignant fibrous histiocytoma of, 446-449, 
450 
malignant lymphoma in, 462—466 
malignant melanoma of, 486, 487 
multiple myeloma/plasmacytoma and, 
466-468 
neurofibroma of, 439—440 
papilloma of, 86—90 
paraganglioma of, 440—441 


rhabdomyosarcoma of, 444—446 
secondary tumors of, 497—505 
yolk sac tumor of, 487, 488 
rinary bladder abnormalities, vii 
rinary bladder adenocarcinoma, putative 
precursor lesions of, 284—285 
Urinary bladder anatomy, 219 
rinary bladder cancer, 142 
recurrence risks of, 610 
rinary bladder cancer antigen, 665 
rinary bladder field, advances in, vii 
rinary bladder glandular lesions, 
immunohistochemical markers in, 287 
Urinary bladder lesions, histopathologic 
characteristics of, 287 
Urinary cytology, 172, 623-644 
adenocarcinoma and, 639 
applications of, 624, 656 
benign conditions and, 632 
benign tumors and tumor-like processes and, 
632 
biopsy findings and, 638 
bladder cancer recurrence and, 618 
diagnosing dysplasia and urothelial 
casrcinoma and, 632-634 
diagnosing malignancies and, 635—639 
diagnostic categories in, 624 
diagnostic pitfalls in, 640-641 
indications for, 624 
ImmunoCyt technique combined with, 
664 
inflammatory lesions and, 626—629 
malignant tumors and, 639 
neuroendocrine carcinoma and, 639 
reactive changes in, 629 
in renal transplant recipients, 629 
secondary tumors and, 639—640 
sensitivity of, 656, 660 
of sites other than urinary bladder, 640 
squamous cell carcinoma and, 638 
Urinary cytology specimens 
normal components of, 624—626 
UroVysion interpretation in, 660, 661, 662, 
663 
Urinary cytopathology, PUNLMPs and, 171 
Urinary matrix metalloproteinase 1 (MMP1), 
691 
Urinary schistosomiasis, 34 
Urinary sediment, 627 
Urinary tract 
fungal effects on, 627, 628 
inverted papilloma distribution within, 384 
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